

WHAT IS CLAIMED IS: 


1 . A system configured to determine at least two properties of a specimen during 
use, comprising: / 


a stage configured to support the specimen during use; 

a measurement device cdupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 
specimen during use; and 

a detection system coupled to the illumination system and configured to 
detect energyraopagating from the surface of the specimen during use, 
wherein the njeasurement device is configured to generate one or more 
output signals in response to the detected energy during use; and 


a processor coupled to the measurement device and configured to determine a first 
property and a second property of the specimen from the one or more output 
signals during use, wherein the first property comprises a critical dimension of the 
specimen, and Wherein the second property comprises overlay misregistration of 
the specimen. / 

2. The system of claim 1, wherein the stage is further configured to move laterally 
during use. / 

3. The system of claim 1, wherein the stage is further configured to move rotatably 
during use. / 


f 
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4. The system of claim 1 j wherein the stage is further configured to move laterally 
and rotatably during use. 

5. The system of claim l/wherein the illumination system comprises a single energy 
source. 

6. The system of clai/n 1 , wherein the illumination system comprises more than one 
energy sources. 

7. The system of claim 1, wherein the detection system comprises a single energy 
sensitive device. 

8. The system of claim 1 , wherein the detection system comprises more than one 
energy sensitive devices. 

9. The system ot claim 1 , wherein the measurement device further comprises a non- 
imaging scatterometer. 

10. The systen/ of claim 1, wherein the measurement device further comprises a 
scatterometer. 

1 1 . The system of claim 1 , wherein the measurement device further comprises a 
spectroscopic scatterometer. 

12. The syjtem of claim 1 , wherein the measurement device further comprises a 
reflectometer. 
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13. The system of claim 1, wherein the measurement device further comprises a 
spectroscopic refjectometer. 


reaec 

l 


14. The syst :m of claim 1 5 wherein the measurement device further comprises an 
5 ellipsometer. 


15. The systc m of claim 1 , wherein the measurement device further comprises a 
spectroscopic ellipsometer. 


10 16. The system of claim 1 , wherein the measurement device further comprises a 
bright field imaging device. 

17. The system of claim 1, wherein the measurement device further comprises a dark 
field imaging device. 


18. The s^ stem of claim 1, wherein the measurement device further comprises a 
bright field ar d a dark field imaging device. 


19. The system of claim 1, wherein the measurement device further comprises a 
20 bright field non-imaging device. 


20. The /system of claim 1 , wherein the measurement device further comprises a dark 
field non-imaging device. 


25 21. 


i 


e system of claim 1, wherein the measurement device further comprises a 


bright field and a dark field non-imaging device. 


i 
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22. The system of claim 1, wherein the measurement device further comprises a 
coherence probe iAcroscope. 

23. The system of claim 1, wherein the measurement device further comprises an 
5 interference microscope. 


24. The system M claim 1, wherein the measurement device further comprises an 
optical profilometerl 


CO 
Q 


10 25. The system of claim 1, wherein the measurement device further comprises at least 
a first measurement device and a second measurement device, and wherein the first and 
second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scattejometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic refle^pSpjfeter, an ellipsometer, a spectroscopic ellipsometer, a bright field 

15 imaging device, a dar^feld imaging device, a bright field and a dark field imaging 

device, a bright field no|i-imaging device, a dark field non-imaging device, a bright field 

and a dark field non-imaging device, a coherence probe microscope, an interference 

1 

microscope, and an optical profilometer. 


20 26. The system of claim 1, wherein the measurement device further comprises at least 
a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


25 27. The system offclaim 1, wherein the processor is further configured to determine a 
third property of the sfpecimen from the one or more output signals during use, and 
wherein the third pro Derty comprises a presence of defects on the specimen. 

V 
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28. The system of claim 27, wherein the defects comprise micro defects and macro 
defects. 

29. The system of cljjim 27, wherein the illumination system is further configured to 
direct energy toward a hpttom surface of the specimen during use, wherein the detection 
system is further configured to detect energy propagating from the bottom surface of the 
specimen during use, ajpd wherein the third property further comprises a presence of 
defects on the bottom surface of the specimen. 


30. The system of :laim 29, wherein the defects comprise macro defects. 

3 1 . The system of claim 1 , wherein the processor is further configured to determine a 
third property of the s )ecimen from the one or more output signals during use, and 
wherein the third property comprises a flatness measurement of the specimen. 

32. The system ofid^im 1, wherein the processor is further configured to determine a 
third property and a fourth property of the specimen from the one or more output signals 
during use, wherein ttie third property comprises a presence of defects on the specimen, 
and wherein the fourth property comprises a flatness measurement of the specimen. 


33. The system M claim 1, wherein the processor is further configured to determine a 
third property of the specimen from the one or more output signals during use, and 
wherein the third property is selected from the group consisting of a roughness of the 
specimen, a roughness of a layer on the specimen, and a roughness of a feature of the 
specimen. 
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34. The system of claim 33, wherein the system is coupled to a process tool selected 
from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etc© tool. 


f 3 * 


03 


5 35. The system of opim 1 , wherein the system is further configured to determine at 
least two properties of jthe specimen simultaneously during use. 


10 


36. The system of 
direct energy to multi 
simultaneously, and 
propagating from the 


simultaneously such 
determined at the mu 


:laim 1 , wherein the illumination system is further configured to 
le locations on the surface of the specimen substantially 
herein the detection system is further configured to detect energy 
ultiple locations on the surface of the specimen substantially 


hat one or more of the at least two properties of the specimen can be 
tiple locations substantially simultaneously. 


15 37. The system oi 


claim 1, wherein the system is coupled to a process tool. 


38. The system^aLclaim 1, wherein the system is coupled to a process tool, and 
wherein the system Ss disposed within the process tool. 

20 39. The system pf claim 1 , wherein the system is coupled to a process tool, and 
wherein the systemfis arranged laterally proximate to the process tool. 


40. The system of claim 1, wherein the system is coupled to a process tool, and 
wherein the process tool comprises a wafer handler configured to move the specimen to 
25 the stage during dse. 
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66. The systemVof claim 1, wherein the processor is further configured to compare at 
least one of the detmnined properties of the specimen to a predetermined range for the 
property, and where' p the processor is further configured to generate an output signal if 


the determined prop 


67 


!;rty of the specimen is outside of the predetermined range during use. 


The system of claim 1, wherein the processor is further configured to alter a 
sampling frequency of the measurement device in response to the determined first or 
second property of the specimen during use. 


68. The system 
parameter of an i 
determined first or 


)f claim 1, wherein the processor is further configured to alter a 
instirument coupled to the measurement device in response to the 
econd property using a feedback control technique during use. 


69. The systqgfeftf claim 1, wherein the processor is further configured to alter a 
parameter of an instalment coupled to the measurement device in response to the 
determined first or second property using a feedforward control technique during use. 


70. The system < 
database during use 
properties of the spe 


f claim 1 , wherein the processor is further configured to generate a 
and wherein the database comprises the determined first and second 
cimen. 


71. The system 
the measurement de 


c f claim 70, wherein the processor is further configured to calibrate 
dee using the database during use. 


72. The system of claim 70, wherein the processor is further configured to monitor 
output signals geneijated by measurement device using the database during use. 
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73. The system of claim 70, wherein the database farther comprises first and second 
properties of a plifrality of specimens. 


74. The systemlof claim 73, wherein the first and second properties of the plurality of 
specimens are determined using the measurement device. 


75. The systen 
specimens are 


of claim 73, wherein the first and second properties of the plurality of 
determined using a plurality of measurement devices. 


76. The system of claim 75, wherein the processor is further coupled to the plurality 


of measurement devices. 


77. The systenffoFJilaim 76, wherein the processor is further configured to calibrate 


the plurality of me 

78. The system 
output signals gene 
during use. 


79. The system of claim 1, further comprising a stand alone system coupled to the 


iurement devices using the database during use. 

of claim 76, wherein the processor is further configured to monitor 
•ated by the plurality of measurement devices using the database 


system, wherein the 
standard during use, 


stand alone system is configured to be calibrated with a calibration 
and wherein the stand alone system is further configured to calibrate 


the system during use. 


80. The system of claim 1, further comprising a stand alone system coupled the 
system and at least! pne additional system, wherein the stand alone system is configured to 
be calibrated with p calibration standard during use, and wherein the stand alone system is 
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further confr 
use. 


ired to calibrate the system and at least the one additional system during 



81. The syste m of claim 1 5 wherein the system is further configured to determine at 
least the two prop erties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of the metermined properties of the specimen at the more than one position on 
the specimen to reduce within wafer variation of at least one of the determined properties. 


82. The system of claim 1, wherein the processor is further coupled to a process tool. 


83. The syst^njW claim 82, wherein the process tool comprises a lithography tool. 



84. The system m claim 82, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to the 
determined first or sfecond property using a feedback control technique during use. 


85. The system oi claim 82, wherein the processor is further configured to alter a 
parameter of one or i lore instruments coupled to the process tool in response to the 
determined first or se cond property using a feedforward control technique during use. 


86. The system o 
parameter of one or 


87. The system o 
relationship between 
parameters during us e 


claim 82, wherein the processor is further configured to monitor a 
rhore instruments coupled to the process tool during use. 


claim 86, wherein the processor is further configured to determine a 
the determined properties and at least one of the monitored 
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88. The systemkf claim 87, wherein the processor is further configured to alter the 
parameter of the onf or more instruments in response to the determined relationship 
during use. 

89. The system of claim 1 , wherein the processor is further coupled to a plurality of 
measurement devices, and wherein each of the plurality of measurement devices is 
coupled to at least one of a plurality of process tools. 


90. The system of 
to the measurement 
processor, wherein the 
more output signals 
to further process the 


laim 1 , wherein the processor comprises a local processor coupled 
deVice and a remote controller computer coupled to the local 

local processor is configured to at least partially process the one or 
difring use, and wherein the remote controller computer is configured 
t least partially processed one or more output signals during use. 


91 . The system of :laim 90, wherein the local processor is further configured to 
determine the first mgperty and the second property of the specimen during use. 


92. The system of ^im 90, wherein the remote controller computer is further 
configured to determine the first property and the second property of the specimen during 
use. 


93. 


A method for 


ietermining at least two properties of a specimen, comprising: 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination ;ystem and a detection system; 
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directing energy toward a surface of the specimen using the illumination system; 


detecting energ propagating from the surface of the specimen using the detection 
system; 


generating one 


or more output signals responsive to the detected energy; and 


processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of tire specimen, and wherein the second property comprises overlay 
misregistration pf the specimen. 


94. The method of claim 93, further comprising laterally moving the stage during said 
directing energy and sail detecting energy. 


95. The method of ch im 93, further comprising rotatably moving the stage during 
said directing energy and said detecting energy. 

96. The method ofda im 93, further comprising laterally and rotatably moving the 
stage during said direbte|f energy and said detecting energy. 


97. The method of cla|m 93, wherein the illumination system comprises a single 
energy source. 

98. The method of claipi 93, wherein the illumination system comprises more than 
one energy source. 
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41. The system of craim 1, wherein the system is coupled to a process tool, and 
wherein the stage is conjjgured to move the specimen from the system to the process tool 
during use. 


42. The system of cl dm 1, wherein the system is coupled to a process tool, and 
wherein the stage is further configured to move the specimen to a process chamber of the 
process tool during use. 


43. The system of claim 1 , wherein the system is coupled to a process tool, and 
1 0 wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 


in 

01 


15 


20 


25 


44. The system of clair^ 1 , wherein the system is coupled to a process tool, wherein 
the process tool comprises zj support device configured to support the specimen during a 
process step, and wherein an upper surface of the support device is substantially parallel 
to an upper surface of the stage. 


45. The system of claimfl, wherein the system is coupled to a process tool, wherein 
the process tool comprises a support device configured to support the specimen during a 
process step, and wherein an upper surface of the stage is angled with respect to an upper 
surface of the support dej 

46. The system of claM-K wherein the system is coupled to a process tool, and 
wherein the process tool comprises a lithography tool. 

47. The system of claim 1, wherein the system comprises a measurement chamber, 
wherein the stage and the/measurement device are disposed within the measurement 
chamber, and wherein thk measurement chamber is coupled to a process tool. 
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48. The system c|f claim 1, wherein the system comprises a measurement chamber, 
wherein the stage anp the measurement device are disposed within the measurement 
chamber, wherein ttfe measurement chamber is coupled to a process tool, and wherein the 
measurement champer is disposed within the process tool. 


49. The system of claim 1, wherein the system comprises a measurement chamber, 

wherein the stage/and the measurement device are disposed within the measurement 

chamber, wherein the measurement chamber is coupled to a process tool, and wherein the 
I 

measurement chamber is arranged laterally proximate to a process chamber of the process 
tool. I 


sy^Lri'o 


50. The system of claim 1, wherein the system comprises a measurement chamber, 
wherein the stajje and the measurement device are disposed within the measurement 
chamber, wherein the measurement chamber is coupled to a process tool, and wherein the 
measurement cjhamber is arranged vertically proximate to a process chamber of the 
process tool. 

5 1 . The sys tern of claim 1 , wherein a process tool comprises a process chamber, 


wherein the stc 
configured to 


ge is disposed within the process chamber, and wherein the stage is further 
'upport the specimen during a process step. 


52. The svstem of claim 51, wherein the processor is further configured to determine 
at least the two properties of the specimen during the process step. 


53. The system of claim 5 1 , wherein the processor is further configured to obtain a 
signature characterizing the process step during use, and wherein the signature comprises 
at least onje singularity representative of an end of the process step. 
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54. The system of c Aim 51, wherein the processor is coupled to the process tool and 
is further configured to /niter a parameter of one or more instruments coupled to the 
process tool in respond to the determined properties using an in situ control technique 
during use. 


55. The system m claim 1 , wherein a process tool comprises a first process chamber 
and a second process chamber, and wherein the stage is further configured to move the 
specimen from the first process chamber to the second process chamber during use. 


56. The system of claim 1, wherein a process tool comprises a first process chamber 
and a second process chamber, wherein the stage is further configured to move the 
specimen from the first process chamber to the second process chamber during use, and 
wherein the processor is further configured to determine at least the two properties of the 
specimen as the stage is moving the specimen from the first process chamber to the 
second process chamber. 

57. The systei i of claim 1, wherein a process tool comprises a first process chamber 

and a second process chamber, wherein the stage is further configured to move the 

specimen fronv4hip first process chamber to the second process chamber during use, 

wherein the pro^essp^is further configured to determine at least the two properties of the 

specimen as the stage is moving the specimen from the first process chamber to the 
I 

second process chamber, and wherein the process tool comprises a lithography tool. 


58. The systenk 
the specimen 
resist to the 


duri: lg 


of claim 57, wherein the first process chamber is configured to chill 
use, and wherein the second process chamber is configured to apply 
specntien during use. 
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59. The system of cl&im 57, wherein the first process chamber is configured to chill 
the specimen subsequent to a post apply bake process step during use, and wherein the 
second process chamberls configured to expose the specimen during use. 

60. The system of c/aim 57, wherein the first process chamber is configured to expose 
the specimen during use, and wherein the second process chamber is configured to bake 
the specimen subsequent to exposure of the specimen during use. 

61. The system of claim 57, wherein the first process chamber is configured to chill 
the specimen subsequent to a post exposure bake process step during use, and wherein the 
second process chamber is configured to develop the specimen during use. 


62. The system 
develop the specimep 
to bake the specirm 


qf claim 57, wherein the first process chamber is configured to 
during use, and wherein the second process chamber is configured 
subsequent to a develop process step during use. 


mens 

Q 


63. The system 
develop the specimeh 
to receive the speci: 


4im 57, wherein the first process chamber is configured to 
during use, and wherein the second process chamber is configured 
ien in a wafer cassette during use. 


64. The system pf claim 1 , wherein the processor is further configured to compare the 
determined properties of the specimen and properties of a plurality of specimens during 


use. 


65. The system of claim 1, wherein the processor is further configured to compare at 
least one of the determined properties of the specimen to a predetermined range for the 
property. 
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99. The method of claim 93, wherein the detection system comprises a single energy 
sensitive dewce. 

100. The mdthod of claim 93, wherein the detection system comprises more than one 
energy sensitive devices. 

101. The metnpd of claim 93, wherein the measurement device further comprises a 
non-imaging scatterometer. 


102. The method of claim 93, wherein the measurement device further comprises a 
scatterometer. \ 


claim 93, 


103. The methcM^Fclaim 93, wherein the measurement device further comprises a 
spectroscopic scatterometer. 


104. The method of claim 93, wherein the measurement device further comprises a 
reflectometer. 

105. The method oflclaim 93, wherein the measurement device further comprises a 
spectroscopic reflectometer. 


106. The method of £laim 93, wherein the measurement device further comprises an 
ellipsometer. 


1 07. The method of c 
spectroscopic ellipsorm ter 


aim 93, wherein the measurement device further comprises a 
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108. The method of claim 93, wherein the measurement device further comprises a 
bright field imaging device. 

109. The method of claim 93, wherein the measurement device further comprises a 
dark field imaging device. 

110. The method of claim 93, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


111. The method of claim 93, wherein the measurement device further comprises a 
bright field non-imaging device. 


112. The method 
dark field non-i 


of claim 93, wherein the measurement device further comprises a 
device. 


ima img 


113. The metholo£daim 93, wherein the measurement device further comprises a 
bright field and dari field non-imaging device 


1 14. The method ?f claim 93, wherein the measurement device further comprises a 
coherence probe microscope. 


)f claim 93, wherein the measurement device further comprises an 


115. The method 
interference microscfope 


116. The method 
optical profilometer 


of claim 93, wherein the measurement device further comprises an 
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15 


1 1 7. THe method of claim 93, wherein the measurement device further comprises at 
least a firstVeasurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, \ scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device! a dark field imaging device, a bright field and dark field imaging device, 
a bright field non-imaging device, a dark field non-imaging device, a bright field and dark 
field non-imaging device, a coherence probe microscope, an interference microscope, and 
an optical profilometer. 


1 1 8. The method of claim 93, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the fifSt n^asurement device comprise optical elements of the second 
measurement devi 



1 19. The method of claim 93, further comprising processing the one or more output 


signals to determine a third property of the specimen, wherein the third property 


comprises a presence pf defects on the specimen. 


20 1 20. The method of [claim 93, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property 
comprises a presence cf defects on the specimen, and wherein the defects comprise micro 
defects and macro deft cts. 


25 121. The method 
signals to determine a 
comprises a presence 


ofl claim 93, further comprising processing the one or more output 
third property of the specimen, wherein the third property 
af defects on the specimen, the method further comprising: 
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directing energy toward a bottom surface of the specimen; and 


nei 


detecting enesgy propagating from the bottom surface of the specimen, wherein 


the third prop 
the specimen 

122. The method o 


rty further comprises a presence of defects on the bottom surface of 


claim 121, wherein the defects comprise macro defects. 


123. The method oi claim 93, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property 
comprises a flatness njieasurement of the specimen. 


124. The method 


Q y 

d offclajHl S 


93, further comprising processing the one or more output 


signals to determine a third property and a fourth property of the specimen, wherein the 
third property compri; es a presence of defects on the specimen, and wherein the fourth 
property comprises a flatness measurement of the specimen. 


125. The method oficlaim 93, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the groi p consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and|a roughness of a feature of the specimen. 


126. The method j>f claim 125, wherein the stage and the measurement device are 
coupled to a process? tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 
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127. The mghod of claim 93, wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneousMdetermining the first and second properties of the specimen. 

128. The metlod of claim 93, further comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 
energy propagating from the multiple locations substantially simultaneously such that one 
or more of the at least two properties of the specimen can be determined at the multiple 
locations substantially simultaneously. 

129. The methodlof claim 93, wherein the stage and the measurement device are 
coupled to a process tool. 


130. The method 
coupled to a process 
laterally proximate 


tD 


f claim 93, wherein the stage and the measurement device are 
tool, and wherein the stage and the measurement device are arranged 
the process tool. 


131. The method <|f claim 93, wherein the stage and the measurement device are 
coupled to a proc 


!bol, and wherein the stage and the measurement device are disposed 


coupled to a process 


within the process to > 


132. The method af claim 93, wherein the stage and the measurement device are 


iool, and wherein the process tool comprises a lithography tool. 


133. The method of claim 93, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a wafer handler, and 
wherein disposing thetspecimen upon the stage comprises moving the specimen from the 
process tool to the stage using the wafer handler. 
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134. The methoaof claim 93, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising moving the specimen to the 
process tool subseqi ent to said directing and said detecting using the stage. 

135. The method ;>f claim 93, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising determining at least the two 
properties of the spe ;imen while the specimen is waiting between process steps. 

136. The method of claim 93, wherein the stage and the measurement device are 


coupled to a process 


tool, wherein the process tool comprises a support device configured 


to support the specimen during a process step, and wherein an upper surface of the 


1 


support device is substantially parallel to an upper surface of the stage. 


137. The method 
coupled to a process 
to support the 
is angled with respec 


cf claim 93, wherein the stage and the measurement device are 
ool, wherein the process tool comprises a support device configured 
spearmen during a process step, and wherein an upper surface of the stage 
to an upper surface of the support device. 



138. The metketf^f claim 93, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 


coupled to a proces< 


tool. 


139. The method of claim 93, wherein the stage and the measurement device are 
disposed within a m 


Leasurement chamber, wherein the measurement chamber is coupled 
to a process tool, a^d wherein the measurement chamber is disposed within the process 
tool. 
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140. The method of clainiv93, wherein the stage and the measurement device are 
disposed within a measurement chamber, wherein the measurement chamber is coupled 
to a process tool, and whereinlthe measurement chamber is arranged laterally proximate 
to a process chamber of the process tool. 

141 . The method of claim 93 , wherein the stage and the measurement device are 

disposed within a measurement' chamber, wherein the measurement chamber is coupled 

I 

to a process tool, and wherein the measurement chamber is arranged vertically proximate 
to a process chamber of the process tool. 

142. The method of claim 93 j wherein disposing the specimen upon the stage 
comprises disposing the specimen upon a support device disposed within a process 
chamber of a process tool, ai^jivherein the support device is configured to support the 
specimen during a process st 



143. The method of claim 142. further comprising performing said directing and said 
detecting during the process step. 


144. The method of claim 143, further comprising obtaining a signature characterizing 
the process step, wherein the signature comprises at least one singularity representative of 
an end of the process stepj'. 

145. The method of cFaim 143, further comprising altering a parameter of one or more 
instruments coupled to p process tool in response to the determined properties using an 
in situ control technique 
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146. The method W claim 93, further comprising moving the specimen from a first 
process chamber to J second process chamber using the stage, wherein the first process 
chamber and the second process chamber are disposed within a process tool. 


147. The method of elaim 146, further comprising performing said directing and said 
detecting during said nlDving the specimen from the first process chamber to the second 
process chamber. 

148. The method of daim 146, wherein the process tool comprises a lithography tool. 


149. The method oteJaim 148, further comprising: 



chilling the specimen in the first process chamber; and 


applying resist to the specimen in the second process chamber. 


150. The method of claim 148, further comprising: 


chilling the specimen in the first process chamber subsequent to a post apply bake 
process step; and 


exposing the specimen in the second process chamber. 


151. The method of claim 1 48, further comprising: 


exposing the specimen in the first process chamber; and 
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baking the speaimen subsequent to exposure of the specimen in the second 


process chambi 


1. 


152. The method of 


laim 148, further comprising: 


chilling the specimen in the first process chamber subsequent to a post exposure 


bake process s 


developing th; 


ep; and 


specimen in the second process chamber. 


developing the : 
153. The method q ixMim 148, further comprising: 


i specimen in the first process chamber; and 


baking the s the second process chamber subsequent to a develop 

process step.' 


154. The method 


of claim 148, further comprising: 


developing the specimen in the first process chamber; and 


receiving the specimen in a wafer cassette in the second process chamber. 


155. The method 
determined propert: 
specimens. 


of claim 93, further comprising comparing at least one of the 
ss of the specimen and determined properties of a plurality of 
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1 56. The method of claim 93, further comprising comparing at least one of the 


determined properti 

157. The method 
determined properti 
generating an output 

1*. 


s of the specimen to a predetermined range for the property. 

>f claim 93, further comprising comparing at least one of the 
e s of the specimen to a predetermined range for the property and 
signal if the determined property of the specimen is outside of the 


predetermined rang< 


158. The method 
measurement device 
specimen. 


}f claim 93, further comprising altering a sampling frequency of the 
in response to the determined first or second property of the 


159. The method 
instruments coupled 
second property usin 


Of 


claim 93, further comprising altering a parameter of one or more 
to the measurement device in response to the determined first or 
g a feedback control technique. 


160. The method ©f claim 93, further comprising altering a parameter of one or more 


instruments coupled 


to the measurement device in response to the determined first or 


second property using a feedforward control technique. 

161 . The metl(ocL tf claipi 93, further comprising generating a database, wherein the 
database comprises tfrSaetermined first and second properties of the specimen. 

162. The method 
using the database. 

163. The method of claim 161, further comprising monitoring output signals generated 
by the measuremenj device using the database. 


}f claim 161, further comprising calibrating the measurement device 
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164. The method of claim 161, wherein the database further comprises first and second 
properties of a plurality of specimens. 

165. The method on claim 164, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 


166. The method df claim 165, further comprising calibrating the plurality of 
measurement device; using the database. 

167. The method < f claim 165, further comprising monitoring output signals generated 
by the plurality of m ^asurement devices using the database. 

168. The method of claim 93, wherein a stand alone system is coupled to the 
measurement device, the method further comprising calibrating the stand alone system 
with a calibration standard and calibrating the measurement device with the stand alone 
system. 


169. The method 


of claim 93, wherein a stand alone system is coupled to the 


measurement device and at least one additional measurement device, the method further 
comprising calibrating the stand alone system with a calibration standard and calibrating 
the measuremenfciniice an at least the one additional measurement device with the stand 
alone system. 



170. The method of claim 93, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
parameter of one qr more instruments coupled to a process tool in response to at least one 
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of the determined properties of the specimen at the more than one position on the 
specimen to reduce vHthin wafer variation of at least one of the determined properties. 

171. The method off claim 93, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to the determined first or second 
property of the specimen. 


172. The method' of claim 93, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to the determined first or second 
property of the specimen using a feedback control technique. 


173. Themetho 
instruments couple- 


of claim 93, further comprising altering a parameter of one or more 
to a process tool in response to the determined first or second 


property of the specimen using a feedforward control technique. 


1 74. The method of claim 93, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool. 


1 75. The method ofklaim 93, further comprising monitoring a parameter of one or 


more instruments coupled to a process tool and determining a relationship between the 
determined properti^^id at least one of the monitored parameters. 

I 

1 76. The method of claim 93, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool, determining a relationship between the 
determined properties and at least one of the monitored parameters, and altering the 
parameter of the one or pore instruments in response to the relationship. 
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177. The method officlaim 93, further comprising altering a parameter of one or more 
instruments coupled ta a plurality of process tools in response to the determined first or 
second property of the specimen. 


1 78. The method of Jtlaim 93, wherein processing the one or more output signals 
comprises: I 

at least partialw processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 


further processing the partially processed one or more output signals using the 
remote controller computer. 

179. The method c f claim 178, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 

1 80. The method of claim 1 78, wherein further processing the partially processed one 
or more output signils comprises determining the first and second properties of the 
specimen. ! 

181. A computer implemented method for controlling a system configured to 
determine at least two properties of a specimen during use, wherein the system comprises 
a measurement dev re, comprising: 


sending the partially processed one or more output signals from the local 
processor t<£aTemdte controller computer; and 
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controlling the measurement device, wherein the measurement device comprises 
an illuminati<$i*system and a detection system, and wherein the measurement 
device is couf led to a stage, comprising: 


contra lling the illumination system to direct energy toward a surface of the 
specimen; 


contri 
surfai 


lling the detection system to detect energy propagating from the 
e of the specimen; and 


generating one or more output signals responsive to the detected energy; 
and 


processing tlje one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of the specimen, and wherein the second property comprises overlay 


misregistrati 


n of the specimen. 


1 82. The method |>f claim 181, further .comprising controlling the stage, wherein the 
stage is configured to support the specimen. 


1 83. The me(hodi!$ff\:laim 181, further comprising controlling the stage to move 
laterally during saic|^rre£ting energy and said detecting energy. 


1 84. The methoc 


of claim 181, further comprising controlling the stage to move 


rotatably during said directing energy and said detecting energy. 
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1 85. The method oficlaim 181, further comprising controlling the stage to move 
laterally and rotatabl© during said directing energy and said detecting energy. 

186. The method |>f claim 181, wherein the illumination system comprises a single 
energy source. 

187. The method|of claim 181, wherein the illumination system comprises more than 
one energy source, i 

188. The method of claim 181, wherein the detection system comprises a single energy 
sensitive device. 


189. Themetho 


claim 181, wherein the detection system comprises more than one 


energy sensitive devices. 

1 90. The method of claim 181, wherein the measurement device further comprises a 
non-imaging scatterometer. 

191. The method of claim 181, wherein the measurement device further comprises a 
scatterometer. 

1 92. The method of claim 181, wherein the measurement device further comprises a 
spectroscopic scatterometer. 


1 93. The method of claim 181, wherein the measurement device further comprises a 
reflectometeri 
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194. The method \> 
spectroscopic reflec 

195. The method 
5 ellipsometer. 


f claim 181, wherein the measurement device further comprises a 
ometer. 

f claim 181, wherein the measurement device further comprises an 


1 96. The method^ f claim 181, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 


01. 


10 1 97. The method of claim 181, wherein the measurement device further comprises a 
bright field imaging device. 


1 98. The method |f claim 181, wherein the measurement device further comprises a 


15 


dark field imaging d 


evice. 


1 99. The method of claim 181, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


200. The method 
20 bright field non-imaging 


201. The method 


of claim 181, wherein the measurement device further comprises a 
device. 


of claim 181, wherein the measurement device further comprises a 


dark field non-imaging device 


25 202. The method 
bright field and dar] : 


of claim 181, wherein the measurement device further comprises a 
field non-imaging device. 
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203. The metftbd of claim 1 81 , wherein the measurement device further comprises a 
coherence probe nicroscope. 


204. The met! bd of claim 181, wherein the measurement device further comprises an 
interference microscope. 

205 . The met! od of claim 181, wherein the measurement device further comprises an 
optical profilometer. 


206. The method of claim 181, wherein the measurement device further comprises at 

1 

least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 

scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

I 

spectroscopic reflejbtometer, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark field imaging device, a bright field and dark field imaging device, 
a bright field non-imaging device, a dark field non-imaging device, a bright field and dark 
field non-imaging device, a coherence probe microscope, an interference microscope, and 
an optical profilometer. 

207. The method! of claim 181, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the firaUfl^asurement device comprise optical elements of the second 
measurement devici. 


208. The methodlof claim 181, further comprising processing the one or more output 


signals to determim 
comprises a presen 


a third property of the specimen, wherein the third property 
e of defects on the specimen. 


Page 305 


Conley, Rose & Tayon 


209. T^ie method of claim 208, wherein the defects comprise micro defects and macro 
defects. 



210. The mfethod of claim 208, further comprising: 

controlling the illumination system to direct energy toward a bottom surface of the 
specimen* and 

controllinguhe detection system to detect energy propagating from the bottom 
surface of the specimen, wherein the third property further comprises a presence 
of defects on the bottom surface of the specimen. 

211. The method of claim 2 1 0, wherein the defects comprise macro defects. 


212. The method of claim 181, further comprising processing the one or more output 
signals to determine althird property of the specimen, wherein the third property 
comprises a flatness measurement of the specimen. 


213. The method of claim 181, further comprising processing the one or more output 
signals to determine jM^rd property and a fourth property of the specimen, wherein the 
third property compriS^^presence of defects on the specimen, and wherein the fourth 
property comprises a flainess measurement of the specimen. 

214. The method of claim 181, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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215. The method of claim 214, wherein the stage and the measurement device are 
coupled to aWocess tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

2 1 6. The method of claim 181, wherein processing the one or more output signals to 
determine th> first and second properties of the specimen comprises substantially 


simultaneou 


ly determining the first and second properties of the specimen. 


217. The method of claim 181, further comprising controlling the illumination system 

to direct ene gy toward multiple locations on the surface of the specimen substantially 

simultaneously and controlling the detection system to detect energy propagating from the 

multiple locations substantially simultaneously such that one or more of the at least two 
\ 

properties of the specimen can be determined at the multiple locations substantially 
\ 

simultaneously^ 


218. The method of claim 181, wherein the stage and the measurement device are 
coupled to a process tool. 

219. The method of claim 181, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 

220. The method^ :laim 181, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tooli 


22 1 . The method of claim 181, wherein the stage and the measurement device are 
coupled to a process too!,, and wherein the process tool comprises a lithography tool. 
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222. The meifood of claim 181, wherein the stage and the measurement device are 
coupled to a profess tool, the method further comprising controlling a wafer handler to 
move the specimah from the process tool to the stage, and wherein the wafer handler is 
coupled to the proqess tool. 

223. The method of claim 181, wherein the stage and the measurement device are 
coupled to a proces| tool, the method further comprising controlling the stage to move the 
specimen from the Ivstem to the process tool. 


224. The method of claim 181, wherein the stage and the measurement device are 
coupled to a process tobl, the method further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage such that at least the two properties 
of the specimen can be determined while the specimen is waiting between process steps. 

225 . The method of claim 181, wherein the stage and the measurement device are 
coupled to a process tool, Wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 


226. The method of ciai^l8.L, wherein the stage and the measurement device are 
coupled to a process tool, wbferein the process tool comprises a support device configured 
to support the specimen durirfc a process step, and wherein an upper surface of the stage 
is angled with respect to an udper surface of the support device. 


227. The method of claim 1 
disposed within a measuremen|: 
coupled to a process tool. 


1, wherein the stage and the measurement device are 
chamber, and wherein the measurement chamber is 
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228. The method ft>f claim 181, wherein the stage and the measurement device are 
disposed within a measurement chamber, wherein the measurement chamber is coupled 
to a process tool, analwherein the measurement chamber is disposed within the process 
tool. 

229. The method of claim 181, wherein the stage and the measurement device are 
disposed within a measurement chamber, wherein the measurement chamber is coupled 
to a process tool, and wherein the measurement chamber is arranged laterally proximate 
to a process chamber 6f the process tool. 


230. The method of claim 181, wherein the stage and the measurement device are 
disposed within a measurement chamber, wherein the measurement chamber is coupled 
to a process tool, and wherein the measurement chamber is arranged vertically proximate 
to a process chamber of the process tool. 


23 1 . The method offclaim 181, wherein the stage comprises a support device disposed 
within a process chamber of a process tool, and wherein the support device is configured 
to support the specimen during a process step. 


232. The methoi 
and controlling the del 


£laim-23 1 , further comprising controlling the illumination system 
action system during the process step. 


233. The method of claim 23 1, further comprising controlling the system to obtain a 
signature characterizing the process step, wherein the signature comprises at least one 
singularity representative of an end of the process step. 
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234. The method |pf claim 23 1 , further comprising controlling the system to alter a 
parameter of one orlnore instruments coupled to the process tool in response to the 
determined properties using an in situ control technique. 

235. The method pf claim 181, further comprising controlling the stage to move the 
specimen from a fir«fm£cess chamber to a second process chamber, wherein the first 
process chamber arid the second process chamber are disposed within a process tool. 

236. The method of claim 235, further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to the second process chamber. 

237. The method ot claim 235, wherein the process tool comprises a lithography tool. 

238. The method oftlaim 237, further comprising: 

11 

chilling the specimen in the first process chamber; and 

i 

applying resist tolthe specimen in the second process chamber. 

i 

239. The method ofckfim 237, further comprising: 

j 

chilling the specimen in the first process chamber subsequent to a post apply bake 


process step; and 
exposing the specimen in the second process chamber. 
240. The method of claip 237, further comprising: 
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p 
go 


exposing the sjjecimen in the first process chamber; and 

baking the specimen subsequent to exposure of the specimen in the second 
process chambe 


10 


241. The method of c 

chilling the spec 
bake process 


steD 


aim 237, further comprising: 


men in the first process chamber subsequent to a post exposure 
; and 


15 


developing the specimen in the second process chamber. 


242. The method of claim 237, further comprising: 


developing the specimen in the first process chamber; and 


baking the specimen in the second process chamber subsequent to a develop 
process step 


20 



243. The method of claim 237, further comprising: 


developingjthe specimen in the first process chamber; and 


25 receiving/the specimen in a wafer cassette in the second process chamber. 
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244. The method of claim 181, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 


specimens. 

245. The method 
determined prope 


of claim 181, further comprising comparing at least one of the 
ies of the specimen to a predetermined range for the property. 


246. The method of claim 245, further comprising generating an output signal if the 
determined property of the specimen is outside of the predetermined range. 


247. The method of claim 181, further comprising altering a sampling frequency of the 
measurement deiice in response to the determined first or second properties of the 


specimen. 

248. The 
instruments c 
second property 


methjbd of claim 181, further comprising altering a parameter of one or more 
oupled to the measurement device in response to the determined first or 
using a feedback control technique. 


249. The method of claim 181, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to the determined first or 
second property using a feedforward control technique. 

250. The method of claim 181, further comprising generating a database, wherein the 
database commU&s the determined first and second properties of the specimen. 


25 1 . The method of claim 250, further comprising calibrating the measurement device 
using the database. 


Page 312 


Conley, Rose & Tayon 


252. The method of claim 250, further comprising monitoring output signals of the 
measurement deviqe using the database. 


in- 

4S 


15 


20 


25 


253. The method ©f claim 250, wherein the database further comprises first and second 


properties of a plura 


254. The method 


ity of specimens. 


sf claim 253, wherein the first and second properties of the plurality 


of specimens are ge lerated using a plurality of measurement devices. 


10 255. The method 
measurement devices 


pf claim 254, further comprising calibrating the plurality of 
using the database. 


256. The method of claim 254, further comprising monitoring output signals of the 
plurality of measurement devices using the database. 


257. The method o| claim 181, wherein a stand alone system is coupled to the system, 
the method further comprising controlling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. 

258. The method of ^laim 181, wherein a stand alone system is coupled to the system 
and at least one addjffioftri system, the method further comprising controlling the stand 
alone system to calibratFthe stand alone system with a calibration standard and further 
controlling the stand alojie system to calibrate the system and at least the one additional 
system. 


259. The method of cl 


im 181, wherein the system is further configured to determine at 


least the two properties or the specimen at more than one position on the specimen, and 
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wherein the spe 
one parameter 
one of the dete: 


imen comprises a wafer, the method further comprising altering at least 
one or more instruments coupled to a process tool in response to at least 
ined properties of the specimen at the more than one position on the 


specimen to reduce within wafer variation of at least one of the determined properties. 


260. The meth 
instruments coup 


)d of claim 181, further comprising altering a parameter of one or more 
ed to a process tool in response to the determined first or second 


property of the specimen, 


10 261. The method of claim 181, further comprising altering a parameter of one or more 
instruments coupkd to a process tool in response to the determined first or second 
property of the specimen using a feedback control technique. 


ITT 


262. The method o^ claim 181, further comprising altering a parameter of one or more 
1 5 instruments coupled to a process tool in response to the determined first or second 


20 


25 


property of the specimin using a feedforward control technique. 


263. The method 
more instruments coup 


of claim 181, further comprising monitoring a parameter of one or 
ed to the process tool. 


264. The method of £laim 
more instruments co 
determined proper^ 


181, further comprising monitoring a parameter of one or 
d to the process tool and determining a relationship between the 
d at least one of the monitored parameters. 


265. The method of ;laim 181, further comprising monitoring a parameter of one or 
more instruments coupled to the process tool, determining a relationship between the 
determined properties ind at least one of the monitored parameters, and altering the 
parameter of at least one of the instruments in response to the relationship. 
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266. The methJd of claim 181, further comprising altering a parameter of one or more 
instruments couple^ to a plurality of process tools in response to the determined first or 


second property of t! le specimen 


sfthe 


267. The method 
comprises: 


)f claim 181, wherein processing the one or more output signals 


at least partially processing the one or more output signals using a local processor, 
wherein the lpcal processor is coupled to the measurement device; 


sending the partially processed one or more output signals from the local 
processor to alremote controller computer; and 

further processing the partially processed one or more output signals using the 
remote controller computer. 

268. The method of claim 267, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 

269. The method of claim 267, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 

270. A semiconductorfttevice fabricated by a method, the method comprising: 


forming a portion pf the semiconductor device upon a specimen; 
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disposing the specimen upon a stage, wherein the stage is coupled to a 
measuremenWfevice, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 



generatii^ape or more output signals responsive to the detected energy; and 

processing tlje one or more output signals to determine a first property and a 
second property of the portion of the semiconductor device, wherein the first 
property comprises a critical dimension of the portion of the semiconductor 
device, and v therein the second property comprises overlay misregistration of the 
portion of th§ semiconductor device. 


evice of 

1 . 


271. The device <pf claim 270, wherein the illumination system comprises a single 
energy source. 


272. The device of claim 270, wherein the illumination system comprises more than 
one energy source. 

\ 

273. The device of claim 270, wherein the detection system comprises a single energy 
sensitive device/ 

274. The device of claim 270, wherein the detection system comprises more than one 
energy sensitive devices. 
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# 


275. Tr|fi device of claim 270, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometek a reflectometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and Mark field imaging device, a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe 

microscope, an interference microscope, and an optical profilometer. 

\ 
\ 

276. The device of claim 270, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scattijrometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark ^eld imaging device, a bright field and dark field imaging device, 
a bright field non-imagiBg device, a dark field non-imaging device, a bright field and dark 
field non-imaging devic^ a coherence probe microscope, an interference microscope, and 
an optical profilometer. 



277. The device of clamra70, wherein the measurement device further comprises at 

least a first measurement device and a second measurement device, and wherein optical 

I 

elements of the first measurement device comprise optical elements of the second 
measurement device. 

278. The device of claim 220, further comprising processing the one or more output 
signals to determine a third pr )perty of the specimen, wherein the third property 
comprises a presence of defects on the specimen. 
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279. The (Jevice of claim 278, wherein the defects comprise micro defects and macro 
defects. 


280. The de vice of claim 278, further comprising: 


direct! ig energy toward a bottom surface of the specimen; and 


detecting energy propagating from the bottom surface of the specimen, wherein 
the thira property further comprises a presence of defects on the bottom surface of 
the specimen. 


281. Thede^ 


ice of claim 280, wherein the defects comprise macro defects. 


282. The de\ ice of claim 270, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property 
comprises a flatness measurement of the specimen. 


283. The device of claim 270, further comprising processing the one or more output 
signals to determine a third property and a fourth property of the specimen, wherein the 
third property comprises a presence of defects on the specimen, and wherein the fourth 
property comprises a flatness measurement of the specimen. 


284. The device of claim 270, further comprising processing the one or more output 
signals to detern ine a third property of the specimen, wherein the third property is 
selected from th< : group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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285. Theldevice of claim 284, wherein the stage and the measurement device are 
coupled to a\process tool selected from the group consisting of a lithography tool, an 
atomic layer apposition tool, a cleaning tool, and an etch tool. 

286. The devLe of claim 270, wherein the stage and the measurement device are 
coupled to a process tool. 

287. The device of claim 270, wherein the stage and the measurement device are 
coupled to a litho Jraphy tool. 


288. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 


disposing the specimen upon a stage, wherein the stage is coupled to a 

\ 

measurement device, and wherein the measurement device comprises an 


illumination system and a detection system; 

\ 

directing energy toward a surface of the specimen using the illumination system; 

detecting enejg^jropagating from the surface of the specimen using the detection 
system; 



generating one or more output signals responsive to the detected energy; and 

processing the one c r more output signals to determine a first property and a 
second property of the portion of the semiconductor device, wherein the first 
property comprises a critical dimension of the portion of the semiconductor 
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device, Wd wherein the second property comprises overlay misregistration of the 
portion 0| the semiconductor device. 


289. The methdd of claim 288, wherein the illumination system comprises a single 
energy source. 

290. The metho i of claim 288 5 wherein the illumination system comprises more than 
one energy source! 


291 . The method of claim 288, wherein the detection system comprises a single energy 
sensitive device. 



292. The method of claim 288, wherein the detection system comprises more than one 
energy sensitive devices. 


293. The method of claim 288, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark field imaging device, a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe 
microscope, an interference microscope, and an optical profilometer. 


294. The method of dlaim 288, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measuremer t devices are selected from the group consisting of a non-imaging 


scatterometer, a scattero 


eter, a spectroscopic scatterometer, a reflectometer, an 


Dmeter, a 
if bpic elli 


ellipsometer, a spectroscopic ellipsometer, a bright field imaging device, a dark field 
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imaging device, a bright field and dark field imaging device, a bright field non-imaging 
device, a dank field non-imaging device, a bright field and dark field non-imaging device, 
a coherence plobe microscope, an interference microscope, and an optical profilometer. 

295. The method of claim 288, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 


elements of the 


signals to detei 


irst measurement device comprise optical elements of the second 


measurement dc vice. 


296. The metiod of claim 288, further comprising processing the one or more output 


ine a third property of the specimen, wherein the third property 


comprises a presence of defects on the specimen. 


297. The metho^ of claim 296, wherein the defects comprise micro defects and macro 
defects. 


298. The method 


3f claim 296, further comprising: 


directing epeej^y toward a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the third proj erty further comprises a presence of defects on the bottom surface of 
the specimen 

299. The method )f claim 298, wherein the defects comprise macro defects. 
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300. The method of claim 288, further comprising processing the one or more output 
signals to deten line a third properly of the specimen, wherein the third property 
comprises a flat less measurement of the specimen. 

301 . The met! od of claim 288, further comprising processing the one or more output 
signals to detera ine a third property and a fourth property of the specimen, wherein the 
third property comprises a presence of defects on the specimen, and wherein the fourth 
property comprises a flatness measurement of the specimen. 


302. The method of claim 288, further comprising processing the one or more output 
signals to detern ine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 


on the specimen, 


and a roughness of a feature of the specimen. 


303. The methbd of claim 302, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


304., The method of claim 288, wherein the stage and the measurement device are 


coupled to ^5r? ^ess tool. 


305. The meljhod 
coupled to a lithography 


of claim 288, wherein the stage and the measurement device are 
tool. 


306. A system configured to determine at least two properties of a specimen during 
use, comprising: 


a stages configured to support the specimen during use; 
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a measurement device coupled to the stage, comprising: 


illumination system configured to direct energy toward a surface of the 
specimen during use; and 

a d Section system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals in response to the detected energy during use; 


a local processor coupled to the measurement device and configured to at least 
partially process the one or more output signals during use; and 


a remote con|roller computer coupled to the local processor, wherein the remote 
controller computer is configured to receive the at least partially processed one or 
more output signals and to determine a first property and a second property of the 
specimen from the at least partially processed one or more output signals during 
use, wherein the first property comprises a critical dimension of the specimen, and 
wherein the s< cond property comprises overlay misregistration of the specimen. 

307. The system oficlaim 306, wherein the measurement device is selected from the 
group consisting of a ion-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a rift^ fometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark field imaging device, a bright field non-imaging device, a dark field 
non-imaging deviceja bright field and dark field non-imaging device, a coherence probe 
microscope, an interference microscope, and an optical profilometer. 
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308. Tire system of claim 306, wherein the measurement device further comprises at 
least a firstVneasurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 
ellipsometer,k spectroscopic ellipsometer, a bright field imaging device, a dark field 
imaging device, a bright field and dark field imaging device, a bright field non-imaging 
device, a darlafield non-imaging device, a bright field and dark field non-imaging device, 
a coherence probe microscope, an interference microscope, and an optical profilometer. 


309. The system of claim 306, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the 


yste 


illumination sys^m of the first measurement device comprises the illumination system of 
the second measurement device. 


310. The systens of claim 306, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the 
detection system oflthe first measurement device comprises the detection system of the 
second measurement device. 


311. The system <|f claim 306, wherein the remote controller computer is further 
configured to dete*tnn5e a third property of the specimen from the at least partially 
processed one or molg^putput signals during use, and wherein the third property 


comprises a presence 

312. The system o 
defects. 


of defects on the specimen. 


claim 311, wherein the defects comprise micro defects and macro 
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313. The systemlpf claim 311, wherein the illumination system is further configured to 
direct energy toward a bottom surface of the specimen during use, wherein the detection 
system is further configured to detect energy propagating from the bottom surface of the 
specimen during use, and wherein the third property further comprises a presence of 
defects on the bottom surface of the specimen. 

314. The system of claim 313, wherein the defects comprise macro defects. 

315. The system of claim 306, wherein the remote controller computer is further 
configured to detemnjajeja third property of the specimen from the at least partially 
processed one or more&mtput signals during use, and wherein the third property 
comprises a flatness measurement of the specimen. 


316. The system of claim 306, wherein the remote controller computer is further 

configured to determine a third property and a fourth property of the specimen from the at 

least partially processed one or more output signals during use, wherein the third property 
t 

compnses a presence of defects on the specimen, and wherein the fourth property 
comprises a flatness measurement of the specimen. 


317. The system o| claim 306, wherein the remote controller computer is further 
configured to determine a third property of the specimen from the at least partially 


processed one or more output signals during use, and wherein the third property is 
selected from the griup consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, an| a roughness of a feature of the specimen. 


318. The system/of claim 317, wherein the system is coupled to a process tool selected 
/ 

from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, andfan etch tool. 
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stem 


319. The systftm of claim 306, wherein the illumination system is further configured to 
direct energy to multiple locations on the surface of the specimen substantially 
simultaneously! and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 


simultaneously 


such that one or more of the at least two properties of the specimen can be 


determined at t le multiple locations substantially simultaneously. 


320. The sys 
10 process tool. 


em of claim 306, wherein the remote controller computer is coupled to a 


O 

va 

in 


15 


32 1 . The system of claim 320, wherein the process tool comprises a lithography tool. 


322. The systemlof claim 320, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to the deteipined first or second property using a feedback control technique 
during use. 


20 


25 


323. The system ofclaim 320, wherein the remote controller computer is further 
configured to altenjyiarameter °f one or more instruments coupled to the process tool in 
response to the determined first or second property using a feedforward control technique 
during use. 


324. The system of claim 320, wherein the remote controller computer is further 


configured to monitor 
during use. 


r 


parameter of one or more instruments coupled to the process tool 
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325. The system of claim 324, wherein the remote controller computer is further 
configured to determine a relationship between the determined properties and at least one 
of the monitored parameters during use. 


326. The system of claim 325, wherein the remote controller computer is further 
configured to alter the parameter of at least one of the instruments in response to the 
relationship during use. 


327. The system of claim 320, wherein the illumination system is further configured to 
direct energy toWa|d the surface of the specimen during a process step, wherein the 
detection systenrt^fjirther configured to detect energy propagating from the surface of 
the specimen durinjg the process step, and wherein the remote controller computer is 
further configured lo determine the first and second properties of the specimen during the 
process step. 


328. The system of claim 327, wherein the remote controller computer is further 
configured to obtain a signature characterizing the process step during use, and wherein 
the signature composes at least one singularity representative of an end of the process 
step. 


329. The systemjof claim 327, wherein the remote controller computer is further 

configured to alterfa parameter of one or more instruments coupled to the process tool in 

response to the determined first or second property using an in situ control technique 
I 

during use. 

330. The system of claim 306, wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 
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move the specipien from the first process chamber to the second process chamber during 
use. 


10 


15 


331. The system of claim 330, wherein the illumination system is further configured to 
direct energy toward the surface of the specimen during said moving, wherein the 
detection system Is further configured to detect energy propagating from the surface of 
the specimen during said moving, and wherein the remote controller computer is further 


configured to det 
moving. 



e the first and second properties of the specimen during said 


332. The systemjof claim 306, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen and 
properties of a plurality of specimens during use. 


333. The system of claim 306, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen to a 
predetermined range for the property during use. 


334. The system ofjclaim 333, wherein the remote controller computer is further 

20 configured to generate an output signal if at least one of the determined properties of the 
specimen is outsider ^he predetermined range for the property during use. 

335. The system ofjclaim 306, wherein the remote controller computer is further 
configured to alter a sampling frequency of the measurement device in response to the 

25 determined first or second property of the specimen during use. 


336. The system off claim 306, wherein the remote controller computer is further 
configured to alter afparameter of one or more instruments coupled to the measurement 
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device in response to the determined first or second property using a feedback control 
technique duraig use. 


337. The sys 
configured to 
device in 
technique di 


ater 


response 


em of claim 306, wherein the remote controller computer is further 
a parameter of one or more instruments coupled to the measurement 
to the determined first or second property using a feedforward control 
g use. 


y 3 


10 


15 


20 


25 


338. The system of claim 306, wherein the remote controller computer is further 
configured tojgenerate a database during use, wherein the database comprises the 


determined fi 


st and second properties of the specimen. 


339. The system of claim 338, wherein the remote controller computer is further 
configured to calibrate the measurement device using the database during use. 


340. The system of claim 338, wherein the remote controller computer is further 

I 

configured to monitor output signals generated by measurement device using the database 


during use. 


341. The system of claim 338, wherein the database further comprises first and second 
properties of a plurality of specimens. 

342. The system of claim 341, wherein the first and second properties of the plurality 

| 

of specimens are determined using a plurality of measurement devices. 


343. The system of claim 342, wherein the remote controller computer is further 
coupled to the plurality of measurement devices. 
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344. The |ystem of claim 343, wherein the remote controller computer is further 
configured t| calibrate the plurality of measurement devices using the database during 
use. 

345. The system of claim 343 , wherein the remote controller computer is further 
configured to monitor output signals generated by the plurality of measurement devices 
using the database during use. 


346. The sy 
coupled to at L 


item of claim 343, wherein each of the plurality of measurement devices is 
ast one of a plurality of process tools. 


347. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illuminatioii system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting eneijjgy propagating from the surface of the specimen using the detection 
system; 

generating one^or more output signals in response to the detected energy; and 
processing the pne or more output signals to determine a first property and a 


second property of the specimen, wherein the first property comprises a critical 
dimension of the specimen, and wherein the second property comprises overlay 


T 


Page 330 


Conley, Rose & Tayon 


misregistration of the specimen, wherein processing the one or more output 
signals comprises: 


atlleast partially processing the one or more output signals using a local 
pr )cessor, wherein the local processor is coupled to the measurement 
de /ice; 


10 


D 


se|ding the partially processed one or more output signals from the local 
processor to a remote controller computer; and 

fur her processing the partially processed one or more output signals using 
the remote controller computer. 


03 


348. The methodlof claim 347, wherein the measurement device is selected from the 
1 5 group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 

scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark lield imaging device, a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe 
20 microscope, an interf jrence microscope, and an optical profilometer. 

349. The method of claim 347, wherein the measurement device further comprises at 
least a first measup^mdnt device and a second measurement device, and wherein the first 
and second measurefeent^devices are selected from the group consisting of a non-imaging 

25 scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectimeter, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a d^:k field imaging device, a bright field and dark field imaging device, 
a bright field non-imaging device, a dark field non-imaging device, a bright field and dark 
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field non-imaging device, a coherence probe microscope, an interference microscope, and 
an optical prf filometer. 


350. The n ethod of claim 347, wherein the measurement device further comprises at 
least a first n easurement device and a second measurement device, and wherein an 
illumination s ystem of the first measurement device comprises an illumination system of 
the second measurement device. 


351. The method of claim 347, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein a 
detection system of the first measurement device comprises a detection system of the 
second measurement device. 


352. The method of claim 347, further comprising processing the one or more output 
signals to determine auhird property of the specimen, wherein the third property 
comprises a presence of defects on the specimen. 



im 352, wherein the defects comprise micro defects and macro 


353. The method 
defects. 


354. The method of claim 352, further comprising: 


directing energy toward a bottom surface of the specimen; and 


detecting energy propagating from the bottom surface of the specimen, wherein 
the third property |urther comprises a presence of defects on the bottom surface of 
the specimen. 
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355. The method of claim 354, wherein the defects comprise macro defects. 

356. The method of claim 347, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property 
comprises a flamess measurement of the specimen. 


357. The method of claim 347, further comprising processing the one or more output 
signals to detern ine a third property and a fourth property of the specimen, wherein the 
third property comprises a presence of defects on the specimen, and wherein the fourth 
property comprises a flatness measurement of the specimen. 


358. The method of claim 347, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, ana a roughness of a feature of the specimen. 


359. The method of claim 358, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


Q 

ioa.oi.plai 


360. The method d^plaim 347, further comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 
energy propagating fix m the multiple locations substantially simultaneously such that one 
or more of the at least two properties of the specimen can be determined at the multiple 
locations substantially simultaneously. 

361. The method ol claim 347, wherein the remote controller computer is coupled to a 
process tool. * 
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Ui 


GO 


20 


362. The me hod of claim 361 , wherein the process tool comprises a lithography tool. 

363. The me hod of claim 361 , further comprising altering a parameter of one or more 
5 instruments co ipled to the process tool using the remote controller computer in response 

to the determin td first or second property of the specimen using a feedback control 
technique. I 

364. The me hod of claim 361, further comprising altering a parameter of one or more 
10 instruments coupled to the process tool using the remote controller computer in response 

to the determined first or second property of the specimen using a feedforward control 
technique. 

365. The method of claim 361 , further comprising monitoring a parameter of one or 
1 5 more instruments coupled to the process tool using the remote controller computer. 

366. The methpd of claim 365, further comprising determining a relationship between 
the determined properties and at least one of the monitored parameters using the remote 

:er. 


controller compu 


367. The mefGlid of claim 366, further comprising altering a parameter of at least one 
of the instnimWmnpe'sponse to the relationship using the remote controller computer. 


368. The method of claim 361 , wherein the illumination system and the detection 
25 system are coupler to a process chamber of the process tool, further comprising 
performing said directing and said detecting during a process step. 
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369. The method of claim 368, further comprising obtaining a signature characterizing 
the process step using the remote controller computer, wherein the signature comprises at 
least one singularity representative of an end of the process step. 


370. The method of claim 368, further comprising altering a parameter of one or more 
instruments couple i to the process tool using the remote controller computer in response 
to the determined first or second property using an in situ control technique. 

371 . The metho( of claim 347, further comprising: 

moving the specimen from a first process chamber to a second process chamber 
using the stage; 


performing s 


372. The method 


aid directing and said detecting during said moving the specimen. 


of claim 347, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens using the remote controller computer. 


373. Themethj 
determined propert 
remote controller 


hp£-p£ clai 
pert tes-afu 


claim 347, further comprising comparing at least one of the 
the specimen to a predetermined range for the property using the 


c )mputer. 


374. The method of claim 373, further comprising generating an output signal using the 
remote controller Computer if at least one of the determined properties of the specimen is 
outside of the predetermined range for the property. 
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375. Thlmethod of claim 347, wherein the remote controller computer is coupled to 
the measurement device. 

376. The method of claim 375, further comprising altering a sampling frequency of the 
measurementldevice using the remote controller computer in response to the determined 
first or secona property of the specimen. 

377. The method of claim 375, further comprising altering a parameter of one or more 
instruments coupled to the measurement device using the remote controller computer in 
response to the (determined first or second property using a feedback control technique. 


378. The method of claim 375, further comprising altering a parameter of one or more 
instruments cou{ led to the measurement device using the remote controller computer in 
response to the d stermined first or second property using a feedforward control technique. 

379. The meth od of claim 347, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 
second properties of the specimen. 


380. The method of claim 379, further comprising calibrating the measurement device 
using the datat/ase and the remote controller computer. 

381. ThdQethrat' of claim 379, further comprising monitoring output signals of the 
measurement/device using the remote controller computer. 


382. The method of claim 379, wherein the database further comprises first and second 
properties o|a plurality of specimens. 
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383. The method of claim 382, wherein the first and second properties of the plurality 
of specimensware generated using a plurality of measurement devices. 


384. The m 
5 measurement 


ithod of claim 383, further comprising calibrating the plurality of 
evices using the remote controller computer. 


385. The method of claim 383, further comprising monitoring output signals of the 
plurality of me^urement devices using the remote controller computer. 

10 386. Thef method of claim 347, further comprising sending the at least partially 

processed one oktnore output signals from a plurality of local processors to the remote 
controller computer, wherein each of the plurality of local processors is coupled to one of 
a plurality of measurement devices. 


15 387. The method of claim 386, further comprising altering a parameter of one or more 

\ 

instruments coupled to at least one of the plurality of measurement devices using the 
remote controller pomputer in response to the determined first or second property of the 
specimen. 


20 388. The method of claim 386, wherein each of the plurality of measurement devices is 


25 


coupled to at leas 


one of a plurality of process tools. 


389. The method of claim 388, further comprising altering a parameter of one or more 
instruments coupled to at least one of the plurality of process tools using the remote 
controller computer in response to the determined first or second property of the 
specimen. 
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390. A system configured to determine at least two properties of a specimen during 
use, comprising: 

a stageiconfigured to support the specimen during use; 


Ui- 


10 


15 


20 


a measurement device coupled to the stage, comprising: 


an illumination system configured to direct energy toward a surface of the 
specimen during use; and 


1 


a detection system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals in response to the detected energy during use; and 


a processor coupled to the measurement device and configured to determine a first 
rt3| and a second property of the specimen from the one or more output 


prope: 

^m^during'use, wherein the first property comprises a presence of defects on 
thejsggemen, and wherein the second property comprises a thin film 
characteristic of the specimen. 


391 . The system of claim 390, wherein the stage is further configured to move laterally 
during use. 


25 392. The system of claim 390, wherein the stage is further configured to move 
rotatably during use. 
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393. The system of claim 390, wherein the stage is further configured to move laterally 
and rotataow during use. 

394. The ^stem of claim 390, wherein the illumination system comprises a single 
5 energy source 

395. The sysjem of claim 390, wherein the illumination system comprises more than 
one energy si 

10 396. The system of claim 390, wherein the detection system comprises a single energy 
sensitive device. 


15 


397. The system of claim 390, wherein the detection system comprises more than one 
sitive de\ 


energy sensitive device. 


\ 


398. The system pf claim 390, wherein the measurement device further comprises a 

I 

non-imaging dark field device. 


399. The system of claim 390, wherein the measurement device further comprises a 
20 non-imaging bright field device. 


400. The system ofi claim 390, wherein the measurement device further comprises a 
non-imaging dark field and bright field device. 


25 401 . The system ol ' claim 390, wherein the measurement device further comprises a 
double dark field devace. 
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402. The system of claim 390, wherein the measurement device further comprises a 
dark field imaging device. 


403. The system of claim 390, wherein the measurement device further comprises a 
5 bright field imaging device. 


404. The system of claim 390, wherein the measurement device further comprises a 
dark field and bright field imaging device. 


m 


S 

It fcr 

o 

o 


10 405. The system of claim 390, wherein the measurement device further comprises a 
s—eJ 


406. The system of claim 390, wherein the measurement device further comprises a 
spectroscopic] scatterometer. 


15 


407. The system of claim 390, wherein the measurement device further comprises an 
ellipsometer. 


408. The 
20 spectroscopic 



409. The s; 
reflectometer, 


system of claim 390, wherein the measurement device further comprises a 
ellipsometer. 


stem of claim 390, wherein the measurement device further comprises a 


25 410. The system of claim 390, wherein the measurement device further comprises a 
spectroscopi<| reflectometer. 
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411. The system of claim 390, wherein the measurement device further comprises a 
dual beam spectrophotometer. 


syste n 


412. The 
5 beam profile elli 


of claim 390, wherein the measurement device further comprises a 
someter. 


Ul 
M 

m 


hi 


25 


413. The system of claim 390, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 

10 dark field device, a non-imaging bright field device, a non-imaging dark field and bright 
field device, a double dark field device, a dark field imaging device, a bright field 
imaging device, a dark field and bright field imaging device, a scatterometer, a 
spectroscopic scatterometer, an ellipsometer, a spectroscopic ellipsometer, a 
reflectometer, a spectroscopic reflectometer, a dual beam spectrophotometer, and a beam 

1 5 profile ellipsome er. 

414. The system of claim 390, wherein the measurement device further comprises at 
least a first measirement device and a second measurement device, and wherein optical 
elements of the fi "St measurement device comprise optical elements of the second 

20 measurement device. 


415. Thesytte: 



if claim 390, wherein the illumination system and the detection 
system comprise iQi^optical components, and wherein the detected energy is responsive 
to a non-optical characteristic of the surface of the specimen. 


416. The systqp of claim 390, wherein the defects comprise micro defects and macro 
defects. 
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417. The systejj i of claim 390, wherein the defects comprise micro defects or macro 
defects; 

418/ The syster i of claim 390, wherein the thin film characteristic comprises a 
5 thickness of a cop )er film, and wherein the defects comprise voids in the copper film. 


419. The systemlof claim 390, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 


15 


1 0 420. The system of claim 390, wherein the processor is further configured to determine 

! 

a third property of the specimen from the one or more output signals during use, and 
wherein the third property is selected from the group consisting of a roughness of the 
specimen, a roughness of a layer on the specimen, and a roughness of a feature of the 
specimen. 


421 . The system oficlaim 420, wherein the system is coupled to a process tool selected 


%, x from the group consis|ing of a lithography tool, an atomic layer deposition tool, a 

tfl cleaning tool, and an etch tool. 

fU 


20 422. The system of claim 390, wherein the system is further configured to determine at 

I 

least two properties of the specimen substantially simultaneously during use. 


423. The system of claim 390, wherein the illumination system is further configured to 
direct energy to mi^^locations on the surface of the specimen substantially 
25 simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 
simultaneously such that one or more of the at least two properties of the specimen can be 
determined at the multiple locations substantially simultaneously. 
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424. The syaem of claim 390, wherein the system is coupled to a process tool. 

425. The system of claim 390, wherein the system is coupled to a process tool, and 
wherein the systffln is disposed within the process tool. 


426. The systeiji of claim 390, wherein the system is coupled to a process tool, and 
wherein the system is arranged laterally proximate to the process tool. 


427. The system] of claim 390, wherein the system is coupled to a process tool, and 
wherein the proces|tool comprises a wafer handler configured to move the specimen to 
the stage during use: 


428. The system of claim 390, wherein the system is coupled to a process tool, and 

1 

wherein the stage is further configured to move the specimen from the system to the 

I 

process tool during use. 

429. The system of claim 390, wherein the system is coupled to a process tool, and 
wherein the stage is rarther configured to move the specimen to a process chamber of the 
process tool duririg u: 



430. The system offl claim 390, wherein the system is coupled to a process tool, and 


wherein the system i 


further configured to determine at least the two properties of the 


specimen while the s ^ecimen is waiting between process steps. 

43 1 . The system jyf claim 390, wherein the system is coupled to a process tool, wherein 
the process tool comprises a support device configured to support the specimen during a 
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process step, and wherein an upper surface of the support device is substantially parallel 
to an upper surface of the stage. 

432. The system of claim 390, wherein the system is coupled to a process tool, wherein 
the process toojl comprises a support device configured to support the specimen during a 
process step, ^id wherein an upper surface of the stage is angled with respect to an upper 
surface of the support device. 


e^si 


433. The system of claim 390, wherein the system is coupled to a process tool, and 
10 wherein the process tool is selected from the group consisting of a lithography tool, an 
etch tool, an ion implanter, a chemical-mechanical polishing tool, a deposition tool, a 
thermal tool, a cleaning tool, and a plating tool. 


434. The system of claim 390, wherein the system comprises a measurement chamber, 
15 wherein the stag^and the measurement device are disposed within the measurement 
chamber, and wherein the measurement chamber is coupled to a process tool. 


435. The systenfiof claim 390, wherein the system comprises a measurement chamber, 


wherein the stage and the measurement device are disposed within the measurement 
Q 20 chamber, and wherein the measurement chamber is disposed within a process tool. 



436. The system/of daim 390, wherein the system comprises a measurement chamber, 
wherein the stage and the measurement device are disposed within the measurement 
chamber, and wherein the measurement chamber is arranged laterally proximate to a 
25 process chamber of a process tool. 


437. The system of claim 390, wherein the system comprises a measurement chamber, 
wherein the stage £nd the measurement device are disposed within the measurement 
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chamber, and wArein the measurement chamber is arranged vertically proximate to a 


process chambei 


of a process tool. 


438. The syste m of claim 390, wherein a process tool comprises a process chamber, 
wherein the stage is disposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 


439. The system of claim 438, wherein the processor is further configured to determine 
at least the two properties of the specimen during the process step. 


440. The systemlof claim 439, wherein the processor is further configured to obtain a 
signature characterising the process step during use, and wherein the signature comprises 
at least one singularity representative of an end of the process step. 


\ 


441 . The system oficlaim 439, wherein the processor is coupled to the process tool and 
is further configured to alter a parameter of one or more instruments coupled to the 
process tool in response to the determined properties using an in situ control technique 
during use. 


442. The system ofclaim 390, wherein a process tool comprises a first process 
chamber and a sepndmrocess chamber, and wherein the stage is further configured to 
move the specimen fr§gn the first process chamber to the second process chamber during 
use. 


443. The system of claim 390, wherein a process tool comprises a first process 
chamber and a second process chamber, wherein the stage is further configured to move 
the specimen from the first process chamber to the second process chamber during use, 
and wherein the sysiem is further configured to determine at least the two properties of 
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the specimen as/the stage is moving the specimen from the first process chamber to the 
second process ahamber. 


444. The systeip of claim 390, wherein the processor is further configured to compare 
at least one of theHetermined properties of the specimen and properties of a plurality of 
specimens during jise. 

445. The system of claim 390, wherein the processor is further configured to compare 


at least one of the 


determined properties of the specimen to a predetermined range for the 


property during use. 


446. The system tof claim 445, wherein the processor is further configured to generate 
an output signal if at least one of the determined properties of the specimen is outside of 


i 

the predetermined range for the property during use. 


447. The system of claim 390, wherein the processor is further configured to alter a 
sampling frequency jof the measurement device in response to the determined first or 
second property of the specimen during use. 


448. The system of claim 390, wherein the processor is further configured to alter a 
parameter of on^wlrrpre instruments coupled to the measurement device in response to 
the determined firs?Q0L§econd property using a feedback control technique during use. 


449. The system! of claim 390, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
the determined fhpt or second property using a feedforward control technique during use. 


Page 346 


Conley, Rose & Tayon 


. ft 


n 


25 


450. The system of claim 390, wherein the processor is further configured to generate a 
database durin&use, and wherein the database comprises the determined first and second 
properties of theispecimen. 


45 1 . The systejm. of claim 390, wherein the processor is further configured to generate a 
database during ijse, wherein the database comprises the determined first and second 
properties of the specimen, and wherein the processor is further configured to calibrate 
the measurement [device using the database during use. 


10 452. The syster l of claim 390, wherein the processor is further configured to generate a 
database during us e, wherein the database comprises the determined first and second 
properties of the specimen, and wherein the processor is further configured to monitor 
output signals generated by measurement device using the database during use. 


15 453. The system 
database during use 
properties of the sp< 


if claim 390, wherein the processor is further configured to generate a 
, wherein the database comprises the determined first and second 
cimen, and wherein the database further comprises first and second 


properties of a plurality of specimens 


20 454. The system :>f claim 453, wherein the first and second properties of the plurality 


l |>r cla 


of specimens are determined using the measurement device. 



455. The systerilof claim 453, wherein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices. 

456. The system of claim 455, wherein the processor is further coupled to the plurality 
of measurement/devices. 
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457. The syst im of claim 456, wherein the processor is further configured to calibrate 
the plurality of i ieasurement devices using the database during use. 

458. The syst 5m of claim 456, wherein the processor is further configured to monitor 
output signals generated by the plurality of measurement devices using the database 
during use. 


459. The sysym of claim 390, further comprising a stand alone system coupled to the 
system, wherein the stand alone system is configured to be calibrated with a calibration 


10 standard duringjuse, and wherein the stand alone system is further configured to calibrate 


the system during use. 

460. The system of claim 390, further comprising a stand alone system coupled the 
system and at leajst one additional system, wherein the stand alone system is configured to 
be calibrated with a calibration standard during use, and wherein the stand alone system is 
further configure i to calibrate the system and at least the one additional system during 
use. 

461. The system of claim 390, wherein the system is further configured to determine at 
least the two pro serties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of ths determined properties of the specimen at the more than one position on 
the specimen to ] educe within wafer variation of at least one of the determined properties. 

462. The syst< pi of claim 390, wherein the processor is further coupled to a process 
tool. 
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463. The system of claim 390, wherein the processor is further coupled to a process 
tool, and wherei© the processor is further configured to alter a parameter of one or more 
instruments coujfled to the process tool in response to the determined first or second 
property using a i sedback control technique during use. 

464. The systei i of claim 390, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to alter a parameter of one or more 
instruments coup ed to the process tool in response to the determined first or second 
property using a feedforward control technique during use. 

465. The system of claim 390, wherein the processor is further coupled to a process 
tool, and wherein ijhe processor is further configured to monitor a parameter of one or 
more instruments doupled to the process tool during use. 


466. The system 
a relationship 
monitored 


467. The systen 


of claim 465, wherein the processor is further configured to determine 
between at least one of the determined properties and at least one of the 
parameters during use. 


of claim 466, wherein the processor is further configured to alter the 


20 parameter of at least one of the instruments in response to the relationship during use. 


468. The sy: 
measurement 



f claim 390, wherein the processor is further coupled to a plurality of 
^s, and wherein each of the plurality of measurement devices is 


coupled to at least one of a plurality of process tools. 


469. The system of claim 390, wherein the processor comprises a local processor 
coupled to the i^easurement device and a remote controller computer coupled to the local 
processor, wheipin the local processor is configured to at least partially process the one or 
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more output signals during use, and wherein the remote controller computer is configured 
to farther process thaat least partially processed one or more output signals during use. 


470. The system o 


claim 469, wherein the local processor is further configured to 


determine the first pr >perty and the second property of the specimen during use. 


471. The system o 
configured to deteim 
use. 

472. A method for 


claim 469, wherein the remote controller computer is further 
ne the first property and the second property of the specimen during 


determining at least two properties of a specimen, comprising: 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement jdevice, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating (^ijj/or more output signals in response to the detected energy; and 

processing the one or more output signals to determine a first property and a 
second proper ty of the specimen, wherein the first property comprises a presence 
of defects on the specimen, and wherein the second property comprises a thin film 
characteristicfbf the specimen. 
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473. The method of claim 472, further comprising laterally moving the stage during 


said directing energv(jand said detecting energy. 

474. The method bf claim 472, further comprising rotatably moving the stage during 
5 said directing energjl and said detecting energy. 


o 


475. The method of claim 472, further comprising laterally and rotatably moving the 
stage during said directing energy and said detecting energy. 

10 476. The method of claim 472, wherein the illumination system comprises a single 
energy source. 

477. The method of claim 472, wherein the illumination system comprises more than 
one energy source. 


15 


478. The method pf claim 472, wherein the detection system comprises a single energy 
sensitive device. 


479. The methc^L&f claim 472, wherein the detection system comprises more than one 
20 energy sensitive ddmezs 


480. The method of claim 472, wherein the measurement device further comprises a 


non-imaging dark : 


eld device. 


25 481. The method of claim 472, wherein the measurement device further comprises a 
non-imaging brignt field device. 
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482. The metha \ of claim 472, wherein the measurement device further comprises a 
non-imaging dark leld and bright field device. 

483. The metho< | of claim 472, wherein the measurement device further comprises a 
double dark field device. 


484. The methofl of claim 472, wherein the measurement device further comprises a 
dark field imaging device. 


485. The methop of claim 472, wherein the measurement device further comprises a 
bright field imaging device. 


486. The method 
dark field and bri 


of claim 472, wherein the measurement device further comprises a 
field imaging device. 


brig it 


487. The methop of claim 472, wherein the measurement device further comprises a 
scatterometer. 


488. The method of claim 472, wherein the measurement device further comprises a 
spectroscopic scatterometer. 

489. The m^aod of claim 472, wherein the measurement device further comprises an 
ellipsometer. 


490. The method of claim 472, wherein the measurement device further comprises a 
spectroscopy ellipsometer. 
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491 . The method of claim 472, wherein the measurement device further comprises a 
reflectometer. 

492. The method of claim 472, wherein the measurement device further comprises a 
5 spectroscopic reflectometer. 


3 


493. The methbd of claim 472, wherein the measurement device further comprises a 
dual beam spectrophotometer 

10 494. The metHod of claim 472, wherein the measurement device further comprises a 
beam profile ellipsometer. 


495. The meth od of claim 472, wherein the measurement device further comprises at 
least a first meas lrement device and a second measurement device, and wherein the first 
and second meas arement devices are selected from the group consisting of a non-imaging 
a non-imaging bright field device, a non-imaging dark field and bright 


15 


20 


dark field device, 


field device, a dc uble dark field device, a dark field imaging device, a bright field 
imaging device, i dark field and bright field imaging device, a scatterometer, a 
spectroscopic sc itterometer, an ellipsometer, a spectroscopic ellipsometer, a 
reflectometer, S| ectroscopic reflectometer, a dual beam spectrophotometer, and a beam 
profile ellip&m^ter. 


25 


496. The method of claim 472, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement/device. 
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497. The method of claim 472, wherein the measurement device comprises non-optical 
components, and wherein detecting energy comprises measuring a non-optical 
characteristic 01 the surface of the specimen. 

498. The mepod of claim 472, wherein the defects comprise micro defects and macro 
defects. 


499. The njethod of claim 472, wherein the defects comprise micro defects or macro 
defects. 

500. The n emodof claim 472, wherein the thin film characteristic comprises a 
thickness of aicopper film, and wherein the defects comprise voids in the copper film. 


50 1 . The metjhod of claim 472, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 


502. The method of claim 472, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 


and a roughness of a feature of the specimen. 


on the specimen, 


503. The meth|d of claim 502, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 


atomic layer deposition tool, a cleaning tool, and an etch tool. 

504. The meth !)d of claim 472, wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 
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505. The metftod of claim 472, further comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 
energy propagatinb from the multiple locations substantially simultaneously such that one 
or more of the at least two properties of the specimen can be determined at the multiple 
locations substantially simultaneously. 


506. The method 


of claim 472, wherein the stage and the measurement device are 


coupled to a process tool 

f 


507. The methodjof claim 472, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 


508. The method 
coupled to a process 
within the process tqol 


)f claim 472, wherein the stage and the measurement device are 
tool, and wherein the stage and the measurement device are disposed 


509. The method 
coupled to a process 
consisting of a litho jraphy 
polishing tool, 



^dej q; 


jf claim 472, wherein the stage and the measurement device are 
tool, and wherein the process tool is selected from the group 

tool, an etch tool, an ion implanter, a chemical-mechanical 
tion tool, a thermal tool, a cleaning tool, and a plating tool. 


510. The method of claim 472, wherein the stage and the measurement device are 
coupled to a procesis tool, and wherein the process tool comprises a wafer handler, and 
wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to the stage using the wafer handler. 
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511. The method of claim 472, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising moving the specimen to the 
process tool subsequent to said directing and said detecting using the stage. 

512. The metpod of claim 472, wherein the stage and the measurement device are 
coupled to a prpcess tool, the method further comprising determining at least the two 
properties of t|£ specimen while the specimen is waiting between process steps. 


513. The method of claim 472, wherein the stage and the measurement device are 
coupled to a >rocess tool, wherein the process tool comprises a support device configured 
to support th< specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 


514. The method 
coupled to a 
to support the 
is angled wit! 


of claim 472, wherein the stage and the measurement device are 
fjrocess tool, wherein the process tool comprises a support device configured 
specimen during a process step, and wherein an upper surface of the stage 
respect to an upper surface of the support device. 


515. Therrfethod 
disposed witoin 
coupled to a 


of claim 472, wherein the stage and the measurement device are 
in a measurement chamber, and wherein the measurement chamber is 
process tool. 


516. The method of claim 472, wherein the stage and the measurement device are 
disposed witfrin a measurement chamber, and wherein the measurement chamber is 
disposed witfain a process tool. 
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517. The metjiod of claim 472, wherein the stage and the measurement device are 
disposed withinfe measurement chamber, and wherein the measurement chamber is 
arranged laterallAproximate to a process chamber of a process tool. 

518. The method of claim 472, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged verticals proximate to a process chamber of a process tool. 


519. The method of claim 472, wherein disposing the specimen upon the stage 
comprises disposi ig the specimen upon a support device disposed within a process 
chamber of a process tool, and wherein the support device is configured to support the 
specimen during Jprocess step. 

520. The method of claim 472, wherein disposing the specimen upon the stage 
comprises disposing the specimen upon a support device disposed within a process 
chamber of a process tool, and wherein the support device is configured to support the 


specimen during a 


process step, the method further comprising performing said directing 


and said detecting during the process step. 


521. The meth^dTof claim 520, further comprising obtaining a signature characterizing 
the process step, \|h^rein the signature comprises at least one singularity representative of 
an end of the process step. 


522. The method of claim 520, further comprising altering a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 
properties using an in situ control technique. 

i 
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523. The method of claim 472, further comprising moving the specimen from a first 
process chamty r to a second process chamber using the stage, wherein the first process 
second process chamber are disposed within a process tool. 


chamber and th 5 


524. The met 


lod of claim 472, further comprising moving the specimen from a first 


process chamber to a second process chamber using the stage and performing said 
directing and saiu detecting during said moving the specimen from the first process 
chamber to the second process chamber. 


525. The method of claim 472, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens. 


526. The methojd of claim 472, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 


527. The method of claim 526, further comprising generating an output signal if at 


: de 1 


least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


528. The method of claim 472, further comprising altering a sampling frequency of the 
measurement d^ieetfn response to at least one of the determined properties of the 
specimen. 


529. The metho i of claim 472, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to the determined first or 
second property using a feedback control technique. 
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530. The mem<ad of claim 472, further comprising altering a parameter of one or more 
instruments counted to the measurement device in response to the determined first or 
second property i&ing a feedforward control technique. 

53 1 . The method of claim 472, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen. 

532. The metlod^of claim 472, further comprising calibrating the measurement device 
using the database. 


533. The methoa of claim 472, further comprising monitoring output signals generated 
by the measurement device using the database. 


534. The method jrf claim 472, wherein the database further comprises first and second 
properties of a plurality of specimens. 


535. The method of claim 534, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 


536. The method 


)f claim 535, further comprising calibrating the plurality of 


measurement devices using the database. 

537. The methodfof claim 535, further comprising monitoring output signals generated 
by the plurality of measurement devices using the database. 

538. The methcm of claim 472, wherein a stand alone system is coupled to the 
measurement de>ice, the method further comprising calibrating the stand alone system 
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with a calibratiofjstandard and calibrating the measurement device with the stand alone 
system. 

539. The method of claim 472, wherein a stand alone system is coupled to the 
measurement device and at least one additional measurement device, the method further 
comprising calibrating the stand alone system with a calibration standard and calibrating 
the measurement c evice an at least the one additional measurement device with the stand 


alone system. 


540. The melhpd of claim 472, further comprising determining at least the two 
properties of tfetfSpecimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
parameter of one or more instruments coupled to a process tool in response to at least one 
of the determined properties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 

541. The method of claim 472, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of tne specimen using a feedback control technique. 

542. The method of claim 472, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedforward control technique. 


25 543. The method of claim 472, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool. 
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544. The method 
at least one of the 


of claim 543, further comprising determining a relationship between 
termined properties and at least one of the monitored parameters. 


545. The method of claim 544, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 


546. The method of claim 472, further comprising altering a parameter of one or more 
instruments coupled to each of a plurality of process tools in response to at least one of 
the determined properties of the specimen. 

547. The methodjof claim 472, wherein processing the one or more output signals 
comprises: 


at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 


sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 


further proa 
remote controller 



le partially processed one or more output signals using the 
computer. 


548. The method of c laim 547, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 


549. The method of/claim 547, wherein further processing the partially processed one 
or more output signal^ comprises determining the first and second properties of the 
specimen. 
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550. A compute-implemented method for controlling a system configured to 
determine at least Iwo properties of a specimen during use, wherein the system comprises 
a measurement device, comprising: 

controlling the measurement device, wherein the measurement device comprises 
an illuminatioi system and a detection system, and wherein the measurement 
device is coupled to a stage, comprising: 

controlling the illumination system to direct energy toward a surface of the 
specimen; 

controlling the detection system to detect energy propagating from the 

generating one or more output signals responsive to the detected energy; 
and 

processing the one or more output signals to determine a first property and a 
second property aftHe) specimen, wherein the first property comprises a presence 
of defects on the spSCanen, and wherein the second property comprises a thin film 
characteristic of the specimen. 


55 1 . The method of claim 550, further comprising controlling the stage, wherein the 


stage is configured to support 


the specimen. 


552. The method of claim 550, further comprising controlling the stage to laterally 
move the stage during said directing energy and said detecting energy. 
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553. The metnod of claim 550, further comprising controlling the stage to rotatably 
move the stage during said directing energy and said detecting energy. 


554. The method of claim 550, further comprising controlling the stage to laterally and 
rotatably move the stage during said directing energy and said detecting energy. 


555. The method of claim 550, wherein the illumination system comprises a single 
energy source, j 

556. The methc d of claim 550, wherein the illumination system comprises more than 
one energy source 

557. The methqd of claim 550, wherein the detection system comprises a single energy 
sensitive device. 


558. The method of claim 550, wherein the detection system comprises more than one 
I 

energy sensitive devices. 


559. The i/fethpd of claim 550, wherein the measurement device further comprises a 
non-imaging ^taskuield device. 


560. The method of claim 550, wherein the measurement device further comprises a 
non-imaging bright field device. 


561 . The method of claim 550, wherein the measurement device further comprises a 
non-imagingfdark field and bright field device. 
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562. The method of claim 550, wherein the measurement device further comprises a 
double dark fiela device. 

563. The memod of claim 550, wherein the measurement device further comprises a 
5 dark field imaging device. 

564. The method of claim 550, wherein the measurement device further comprises a 
bright field imaging device. 


10 565. The method of claim 550, wherein the measurement device further comprises a 
dark field and bright field imaging device. 


15 


566. The method of claim 550, wherein the measurement device further comprises a 
scatterometer. 

567. The/method of claim 550, wherein the measurement device further comprises a 
spectroscopic scatterometer. 


568. The method of claim 550, wherein the measurement device further comprises an 
20 ellipsometer. 

569. The nJethod of claim 550, wherein the measurement device further comprises a 
spectroscopic! ellipsometer. 


25 570. The method of claim 550, wherein the measurement device further comprises a 
reflectometer. 
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571 . The met! bd of claim 550, wherein the measurement device further comprises a 
spectroscopic re lectometer. 


572. The metl od of claim 550, wherein the measurement device further comprises a 
dual beam spectrophotometer. 


573. The method of claim 550, wherein the measurement device further comprises a 
beam profile ellipsometer. 

10 574. The m ethod of claim 550, wherein the measurement device further comprises at 
least a first m pasurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
dark field dev ce, a non-imaging bright field device, a non-imaging dark field and bright 
field device, a double dark field device, a dark field imaging device, a bright field 

15 imaging device, a dark field and bright field imaging device, a scatterometer, a 


20 


spectroscopic 
reflectometerj 


scatterometer, an ellipsometer, a spectroscopic ellipsometer, a 

a spectroscopic reflectometer, a dual beam spectrophotometer, and a beam 


profile ellipspmeter. 

575. T^^foetjioci of claim 550, wherein the measurement device further comprises at 
least a first/measurement device and a second measurement device, and wherein optical 
elements qtf the first measurement device comprise optical elements of the second 
measurement device. 


25 576. Hie method of claim 550, wherein the measurement device comprises non-optical 
components, and wherein controlling the detection system to detect energy comprises 
controlling the non-optical components to measure a non-optical characteristic of the 
surface pf the specimen. 
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577. The method cp claim 550 5 wherein the defects comprise micro defects and macro 
defects. 


578. The method o 
defects. 


claim 550, wherein the defects comprise micro defects or macro 


579. The method oi claim 550, wherein the thin film characteristic comprises a 


thickness of a copper 


ilm, and wherein the defects comprise voids in the copper film. 


580. The method 
side of the specimen. 


oflclaim 550, wherein the defects comprise macro defects on a back 
Aid wherein the macro defects comprise copper contamination. 


581. The method oflclaim 550, further comprising processing the one or more output 
signals to determine afthird property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, andla roughness of a feature of the specimen. 


i 


582. The method jrf claim 581 , wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

583. The method of claim 550, wherein processing the one or more output signals to 
determine the firsthand second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 


584. The method of claim 550, further comprising controlling the illumination system 
to direct energy^oward multiple locations on the surface of the specimen substantially 
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simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that one or more of the at least two 
properties of the specin^en can be determined at the multiple locations substantially 
simultaneously. 


585. The method of claim 550, wherein the stage and the measurement device are 
coupled to a process tool. 

/ 

586. The method of claim 550, wherein the stage and the measurement device are 

10 coupled to a process fool, and wherein the stage and the measurement device are arranged 
laterally proximate tofthe process tool. 


U1 587. The method oficlaim 550, wherein the stage and the measurement device are 


coupled to a process-tool, and wherein the stage and the measurement device are disposed 
1 5 within the processtoSL 



588. The method of claim 550, wherein the stage and the measurement device are 
coupled to a process^tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 


20 polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 


589. The method of claim 550, wherein the stage and the measurement device are 

I 

coupled to a process tool, the method further comprising controlling a wafer handler to 


move the specimen from the process tool to the stage, and wherein the wafer handler is 
25 coupled to the process tool. 
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590. The method oiLclaim 550, wherein the stage and the measurement device are 
coupled to a process tpol, the method further comprising controlling the stage to move the 
specimen from the sltem to the process tool. 

591 . The methodjof claim 550, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimenffrom the process tool to the stage such that at least the two properties 
of the specimen can be determined while the specimen is waiting between process steps. 


10 


15 


592. The m^t^d of claim 550, wherein the stage and the measurement device are 
coupled to a proqess tool, and wherein the process tool comprises a support device 



configured to support the specimen during a process step, and wherein an upper surface 
of the support device is substantially parallel to an upper surface of the stage. 

593. The method of claim 550, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool comprises a support device 
configured to support the specimen during a process step, and wherein an upper surface 
of the stage is angled with respect to an upper surface of the support device. 


20 594. The method of claim 550, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 


595. The metW>d of claim 550, wherein the stage and the measurement device are 
25 disposed within a measurement chamber, and wherein the measurement chamber is 
disposed within/a process tool. 


Page 368 


Conley, Rose & Tayon 


596. The methofi of claim 550, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 

597. The methofi of claim 550, wherein the stage and the measurement device are 
disposed within a/measurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of a process tool. 


598. The method of claim 550, further comprising disposing the specimen upon a 
support device disposed within a process chamber of a process tool, wherein the support 
device is configured to support the specimen during a process step. 


599. The methojd of claim 598, further comprising controlling the illumination system 
and controlling the detection system during the process step. 

600. The metho<l of claim 598, further comprising controlling the system to obtain a 
signature characterizing the process step, wherein the signature comprises at least one 
singularity representative of an end of the process step. 


601. Them^tha 
parameter of one o 
determined 


of claim 598, further comprising controlling the system to alter a 
more instruments coupled to the process tool in response; to the 
properties using an in situ control technique. 


602. The method of claim 550, further comprising controlling the stage to move the 
specimen from a first process chamber to a second process chamber, wherein the first 
process chamber and the second process chamber are disposed within a process tool. 
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603. The method of <jlaim 602, further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to the second process chamber. 


604. The method of craim 550, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens. 


605. The method 



550, further comprising comparing at least one of the 


determined properties d(the specimen to a predetermined range for the property. 

606. The method of c aim 605, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


607. The method of claim 550, further comprising altering a sampling frequency of the 

| 

measurement device in response to at least one of the determined properties. 


608. The method of claim 550, further comprising altering a parameter of one or more 
instruments coupled to tjie measurement device in response to at least one of the 
determined properties using a feedback control technique. 


609. The method of claim 550, further comprising altering a parameter of one or more 

instruments coupled to/the measurement device in response to at least one of the 

I 

determined properties iising a feedforward control technique. 


610. The method of claim 550, further comprising generating a database, wherein the 
database comprises ffhc determined first and second properties of the specimen. 
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611. The method of claim 610, further comprising calibrating the measurement device 
using the database. 


5 612. The method of] claim 
measurement device u 


610, further comprising monitoring output signals of 
ing the database. 


613. The method ofj claim 610, wherein the database further comprises first and second 
properties of a plurality of specimens. 

614. The method of elaim 613, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 


615. The method of claim 613, further comprising calibrating the plurality of 
1 5 measurement devices using the database. 


616. The method of claim 613, further comprising monitoring output signals of the 
plurality of measurement devices using the database. 


20 617. The method^oftclaim 550, wherein a stand alone system is coupled to the system, 
the method furthef^fccfl&iprising controlling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. 

25 618. The method of claim 550, wherein a stand alone system is coupled to the system 
and at least one addi|ional system, the method further comprising controlling the stand 
alone system to calibrate the stand alone system with a calibration standard and further 
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controlling the stand al< 
system. 


le system to calibrate the system and at least the one additional 


619. The method of clpm 550, wherein the system is further configured to determine at 
least the two properties ©f the specimen at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
one parameter of one or more instruments coupled to a process tool in response to at least 
one of the determined p "operties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 


620. The method of claim 
instruments coupled to 
properties of the specimen 


550, further comprising altering a parameter of one or more 
a process tool in response to at least one of the determined 
using a feedback control technique. 


^^mn 5,50 5 further comprising altering a parameter of one or more 
a process tool in response to at least one of the determined 


621. The method o 
instruments coupled to 
properties of the specimen using a feedforward control technique 


more instruments coui 


622. The method of claim 550, further comprising monitoring a parameter of one or 


led to a process tool. 


623. The method of claim 622, further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters. 


624. The method of claim 623, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 
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625. The method off claim 550, further comprising altering a parameter of one or more 
instruments coupled ttijeach of a plurality of process tools in response to at least one of 
the determined properties of the specimen. 

626. The method ofjclaim 550, wherein processing the one or more output signals 
comprises: 


at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 


sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 


remc 


further processing the partially processed one or more output signals using the 
1 

remote controller computer. 


i 


627. The method of claim 626, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 


628. The method o|claim 626, wherein further processing the partially processed one 
or more output sigpai^omprises determining the first and second properties of the 
specimen. 


forming a portion of the semiconductor device upon a specimen; 
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disposing the specimA upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

\ 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals in response to the detected energy; and 


processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a presence 
of defects on the specimen! and wherein the second property comprises a thin film 
characteristic of the specimen. 


630. The device of claim 629,/wherein the illumination system comprises a single 
energy source. 

63 1 . The device of cl^i^ 629, wherein the illumination system comprises more than 
one energy source. 

632. The device of claim/629, wherein the detection system comprises a single energy 
sensitive device. 

633. The device of claim 629, wherein the detection system comprises more than one 
energy sensitive devices. 


Page 374 Conley, Rose & Tayon 


634. The device of claim 629, wherein the measurement device further comprises a 
measurement device sel scted from the group consisting of a non-imaging dark field 
device, a non-imaging b -ight field device, a non-imaging dark field and bright field 
device, a double dark fieftd device, a dark field imaging device, a bright field imaging 
device, a dark field and bright field imaging device, a scatterometer, a spectroscopic 
scatterometer, an ellipsjmeter, a spectroscopic ellipsometer, a reflectometer, a 
spectroscopic reflectometer, a dual beam spectrophotometer, and a beam profile 
ellipsometer. 


635. The device of /claim 629, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
dark field device, a non-imaging bright field device, a non-imaging dark field and bright 
field device, a double dark field device, a dark field imaging device, a bright field 
imaging device, a da|k field and bright field imaging device, a scatterometer, a 
spectroscopic scattererfHteter, an ellipsometer, a spectroscopic ellipsometer, a 
reflectometer, a spectroscopic reflectometer, a dual beam spectrophotometer, and a beam 
profile ellipsometer. 


636. The device of claim 629, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the firstfmeasurement device comprise optical elements of the second 
measurement device. 

637. The device of claim 629, wherein the measurement device comprises non-optical 
components, and wherein detecting energy comprises measuring a non-optical 
characteristic of the surface of the specimen. 
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638. The device claim 629, wherein the defects comprise micro defects and macro 
defects. 

639. The device cjf claim 629, wherein the defects comprise micro defects or macro 
5 defects. 

640. The device of'claim 629, wherein the thin film characteristic comprises a 
thickness of a copper jilm, and wherein the defects comprise voids in the copper film. 

i 

10 641. The device of claim 629, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 


Jg 642. The device of claim 629, further comprising processing the one or more output 

f : signals to determine a third property of the specimen, wherein the third property is 

=p 15 selected from the group consisting of a roughness of the specimen, a roughness of a layer 
m on the specimen, and J roughness of a feature of the specimen. 


*Q" 643. The device of claim 642, wherein the stage and the measurement device are 

fU f 

p. coupled to a process tool selected from the group consisting of a lithography tool, an 


20 atomic layer deposition tool, a cleaning tool, and an etch tool. 



644. The devi^£Q#flaim 629, wherein the stage and the measurement device are 

25 645. The device lof claim 629, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a liynography tool, an etch tool, an ion implanter, a chemical-mechanical 
polishing tool, a/deposition tool, a thermal tool, a cleaning tool, and a plating tool. 
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646. A method for fabricating a semiconductor device, comprising: 


forming a 


portion of the semiconductor device upon a specimen; 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a presence 
of defects on the specimen, and wherein the second property comprises a thin film 
charact^OTC of the specimen. 

647. The metho y ii of claim 646, wherein the illumination system comprises a single 
energy source. 

648. The method of claim 646, wherein the illumination system comprises more than 
one energy soi/ce. 
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649. The methop of claim 646, wherein the detection system comprises a single energy 
sensitive device. 


650. The method o^f claim 646, wherein the detection system comprises more than one 
5 energy sensitive devices. 


65 1 . The method oj claim 646, wherein the measurement device further comprises a 

measurement device selected from the group consisting of a non-imaging dark field 
I 

device, a non-imaging bright field device, a non-imaging dark field and bright field 


25 


10 device, a double dark* field device, a dark field imaging device, a bright field imaging 

I 

device, a dark field and bright field imaging device, a scatterometer, a spectroscopic 
scatterometer, an eljjipsometer, a spectroscopic ellipsometer, a reflectometer, a 
spectroscopic reflectometer, a dual beam spectrophotometer, and a beam profile 


ellipsometer 

i is 
cn 

gj 652. The method of claim 646, wherein the measurement device further comprises at 

L. least a first measurement device and a second measurement device, and wherein the first 

and second measurement devices are selected from the group consisting of a non-imaging 
q dark field deyice, a non-imaging bright field device, a non-imaging dark field and bright 


20 field deface Ja double dark field device, a dark field imaging device, a bright field 
imaging aeyic£, a dark field and bright field imaging device, a scatterometer, a 
spectroscopic scatterometer, an ellipsometer, a spectroscopic ellipsometer, a 
reflectometer, a spectroscopic reflectometer, a dual beam spectrophotometer, and a beam 
profile ellipsometer. 


653. /The method of claim 646, wherein the measurement device further comprises at 
least a'first measurement device and a second measurement device, and wherein optical 
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elements of the first measjpement device comprise optical elements of the second 
measurement device. 

654. The method of clann 646, wherein the measurement device comprises non-optical 
5 components, and wherein < etecting energy comprises measuring a non-optical 

characteristic of the surfac< ; of the specimen. 

655. The method of claim 646, wherein the defects comprise micro defects and macro 
defects. 

10 



656. The method o£/ r claiift646 J wherein the defects comprise micro defects or macro 
defects. 

657. The method of claim 646, wherein the thin film characteristic comprises a 
15 thickness of a copper filmjand wherein the defects comprise voids in the copper film. 


L, 658. The method of claim 646, wherein the defects comprise macro defects on a back 

side of the specimen, and^ wherein the macro defects comprise copper contamination. 


20 659. The method of claim 646, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and/a roughness of a feature of the specimen. 


25 660. The method'of claim 659, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 
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661. The method oflfclaim 646, wherein the stage and the measurement device are 
coupled to a process tlol. 

662. The method of <flaim 646, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool comprises a lithography tool, an 
etch tool, an ion implanter, a chemical-mechanical polishing tool, a deposition tool, a 
thermal tool, a cleaning tool, and a plating tool. 

663. A system configured to determine at least two properties of a specimen during 
use, comprising: 

a stage configured to support the specimen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 
specimen di ring use; and 

a detection system coupled to the illumination system and configured to 
detect enerj y propagating from the surface of the specimen during use, 
wherein the^asurement device is configured to generate one or more 
output sigp risyresponsive to the detected energy during use; 

a local processor coupled to the measurement device and configured to at least 
partially process the one or more output signals during use; and 


a remote controller computer coupled to the local processor, wherein the remote 
controller computer is configured to receive the at least partially processed one or 
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more output signals and to determine a first property and a second property of the 
specimen from th& at least partially processed one or more output signals during 
use, wherein the fir\t property comprises a presence of defects on the specimen, 
and wherein the second property comprises a thin film characteristic of the 
specimen. 


664. The system of claim 663, wherein the measurement device further comprises a 

I 

measurement device selected from the group consisting of a non-imaging dark field 

I 

device, a non-imaging bright field device, a non-imaging dark field and bright field 
device, a double dark field device, a dark field imaging device, a bright field imaging 
device, a dark field and bright field imaging device, a scatterometer, a spectroscopic 
scatterometer, an ellipsometer, a spectroscopic ellipsometer, a reflectometer, a 
spectroscopic reflectometejf, a dual beam spectrophotometer, and a beam profile 
ellipsometer. 

665. The system of claim 663, wherein the measurement device further comprises at 

least a first measurement device and a second measurement device, and wherein the first 

f 

and second measurement devices are selected from the group consisting of a non-imaging 
dark field device, a nonimaging bright field device, a non-imaging dark field and bright 
field device, a double dark field device, a dark field imaging device, a bright field 
imaging device, a dark/field and bright field imaging device, a scatterometer, a 
spectroscopic scatterometer, an ellipsometer, a spectroscopic ellipsometer, a 
reflectometer, a s^ecmpscopic reflectometer, a dual beam spectrophotometer, and a beam 
profile ellipsometelwl 


666. The system of claim 663, wherein the illumination system and the detection 
system comprise non-optical components, and the detected energy is responsive to a non- 
optical characteristic of the surface of the specimen. 


istic 
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667. The system of claipi 663, wherein the defects comprise micro defects and macro 
defects. 

668. The system of claim <\63, wherein the defects comprise micro defects or macro 
defects. 


669. The system of claim 6dp, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 


670. The system of claim 663, wherein the defects comprise macro defects on a back 
side of the specimen, and whlrein the macro defects comprise copper contamination. 


67 1 . The system of claim! 663, wherein the remote controller computer is further 
configured to determine a third property of the specimen from the at least partially 
processed one or more output signals during use, and wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 

on the specimen, and a roughness of a feature of the specimen. 

f 

/ 

672. The system of cl^im 671, wherein the system is coupled to a process tool selected 
from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and anfelcJf tool. 

673. The system of claim 663, wherein the illumination system is further configured to 

f 

direct energy to multiple locations on the surface of the specimen substantially 
simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 
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simultaneously such that one 


or more of the at least two properties of the specimen can be 


determined at the multiple lc cations substantially simultaneously. 

674. The system of claim 663, wherein the stage and the measurement device are 
coupled to a process tool. \ 

.661 

coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool J an etch tool, an ion implanter, a chemical-mechar 
polishing tool, a deposition tool! a thermal tool, a cleaning tool, and a plating tool 


675. The system of claim 663, wherein the stage and the measurement device are 


676. The system of claim 663j, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using a feedback control technique during use. 

i 

677. The system of claim 663, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 

i 

one of the determined properties using a feedforward control technique during use. 


678. The system of claim £63, wherein the remote controller computer is coupled to a 
process tool, and wherem tnte-remote controller computer is further configured to monitor 
a parameter of one or more/instruments coupled to the process tool during use. 


679. The system of cl^m 678, wherein the remote controller computer is further 
configured to determine ji relationship between at least one of the determined properties 
and at least one of the lyonitored parameters during use. 
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680. The system of claim 679, wherein the remote controller computer is further 
configured to alter a parameter of at least one of the instruments in response to the 
relationship during use. 

681 . The system of claim 663, wherein the illumination system is further configured to 
direct energy toward the surface] of the specimen during a process step, wherein the 
detection system is further configured to detect energy propagating from the surface of 
the specimen during the processlstep, and wherein the remote controller computer is 


1 0 further configured to determine 
process step. 


the first and second properties of the specimen during the 


682. The system of claim 68jfl, wherein the remote controller computer is further 
configured to obtain a signature characterizing the process step during use, and wherein 
15 the signature comprises at least one singularity representative of an end of the process 
step. 



683. The system of cteim 681, wherein the remote controller computer is further 
p configured to alter a parameter of one or more instruments coupled to the process tool in 
™ 20 response to at least one oMe determined properties using an in situ control technique 

during use. , 

i 
I 
I 

684. The system of c^aim 663, wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 

25 move the specimen from the first process chamber to the second process chamber during 
use. • 
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685. The system oficlaim 684, wherein the illumination system is further configured to 
direct energy toward Sie surface of the specimen during said moving, wherein the 
detection system is further configured to detect energy propagating from the surface of 
the specimen during s^d moving, and wherein the remote controller computer is further 
configured to determineithe first and second properties of the specimen during said 
moving. 

686. The system of claim 663, wherein the remote controller computer is further 


configured to compare at 


least one of the determined properties of the specimen and 


properties of a plurality c f specimens during use. 

687. The system ^fp^m 663, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen to a 
predetermined range for the property during use. 


0^1 


688. The system of claim 687, wherein the remote controller computer is further 
configured to generate! an output signal if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property during use. 


689. The system of claim 663, wherein the remote controller computer is further 


configured to alter 'a sampling frequency of the measurement device in response to at least 
one of the determined properties of the specimen during use. 


690. The system of claim 663, wherein the remote controller computer is further 
I 

configured to alt|r a parameter of one or more instruments coupled to the measurement 
device in response to at least one of the determined properties using a feedback control 
technique during use. 
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691 . The system of claim 663, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 
device in response to at least one of the determined properties using a feedforward control 
technique during use. 


692. The system of cla m 663, wherein the remote controller computer is further 
configured to generate a < atabase during use, wherein the database comprises the 
determined first and second properties of the specimen. 


a 

J3 


10 693. The system of claim 692, wherein the remote controller computer is further 
configured to calibrate the measurement device using the database during use. 

694. The system of claim 692, wherein the remote controller computer is further 
configured to monitor putput signals generated by measurement device using the database 
1 5 during use. 


695. The system o^f claim 692, wherein the database further comprises first and second 
properties of a plurality of specimens. 


20 696. The system^f^laim 695, wherein the first and second properties of the plurality 
of specimens are /determined using a plurality of measurement devices. 


25 


697. The system of claim 696, wherein the remote controller computer is further 
coupled to the plurality of measurement devices. 

698. The system of claim 697, wherein the remote controller computer is further 
configured tqfcalibrate the plurality of measurement devices using the database during 
use. 
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699. The system of claim 697, wherein the remote controller computer is further 
configured to monitor output (signals generated by the plurality of measurement devices 
using the database during use 

700. The system of claim 663 , wherein the remote controller computer is further 
coupled to a plurality of measurement devices, and wherein each of the plurality of 
measurement devices is coupled to at least one of a plurality of process tools. 

701. The system of claim 663, wherein the remote controller computer is further 
coupled to a plurality of process tools, and wherein the remote controller computer is 
further configured to alter/a parameter of one or more instruments coupled to at least one 

— i~ 

702. A method for determining at least two properties of a specimen, comprising: 


disposing the specimen upon a stage, wherein the stage is coupled to a 
t 

measureragnTdevice, and wherein the measurement device comprises an 
illumina&erf^stem^nd a detection system; 


directing energy toward a surface of the specimen using the illumination system; 

I 

t 

detecting energy propagating from the surface of the specimen using the detection 
system; j 


f 

generating one or more output signals responsive to the detected energy; and 
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processing the onelor more output signals to determine a first property and a 
second property on the specimen, wherein the first property comprises a presence 
of defects on the specimen, and wherein the second property comprises a thin film 
characteristic of the specimen, comprising: 


at least partially processing the one or more output signals using a local 
processor, wherein the local processor is coupled to the measurement 
device; 


sending the^ partially processed one or more output signals from the local 
processor to a remote controller computer; and 


further processing the partially processed one or more output signals using 
the remote controller computer. 


703. The method of claim 702, wherein the measurement device further comprises a 
measurement device selected from the group consisting of a non-imaging dark field 
device, a non-imaging bright field device, a non-imaging dark field and bright field 
device, a double dark field device, a dark field imaging device, a bright field imaging 
device, a dark field and bright field imaging device, a scatterometer, a spectroscopic 
scatterometer, an etfipspneter, a spectroscopic ellipsometer, a reflectometer, a 
spectroscopic reflectomfeter, a dual beam spectrophotometer, and a beam profile 
ellipsometer. 

704. The method jf claim 702, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
dark field device, a non-imaging bright field device, a non-imaging dark field and bright 
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en. 


ess = 


10 


field device, a double dark field device, a dark field imaging device, a bright field 
imaging device, a dark field! and bright field imaging device, a scatterometer, a 
spectroscopic scatterometel an ellipsometer, a spectroscopic ellipsometer, a 
reflectometer, a spectroscopic reflectometer, a dual beam spectrophotometer, and a beam 
profile ellipsometer. 

705. The method of claim ^02, wherein the measurement device comprises non-optical 
components, and wherein detecting energy comprises measuring a non-optical 
characteristic of the surface of the specimen. 

i 

706. The method of clainj 702, wherein the defects comprise micro defects and macro 
defects. 


f* 8 1 707. The method of claim 702, wherein the defects comprise micro defects or macro 

"Si 

15 defects. 


708. The method of claim 702, wherein the thin film characteristic comprises a 
thickness of a copper fikn, and wherein the defects comprise voids in the copper film. 



20 709. The method o£^^m/I02, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 


710. The method of claim 702, further comprising processing the one or more output 
signals to determine^ third property of the specimen, wherein the third property is 
25 selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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711. The method of claim 710, wherein the stage and the measurement device are 
coupled to a process tocfl selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

712. The method of claim 702, further comprising directing energy toward multiple 
locations on the surface of|the specimen substantially simultaneously and detecting 
energy propagating from the multiple locations substantially simultaneously such that one 


or more of the at least two 


properties of the specimen can be determined at the multiple 


locations substantially simultaneously. 


713. The method of claim 702, wherein the stage and the measurement device are 
coupled to a process tool] 


714. The method of claim 702, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 
polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

s 

J 

715. The method qf&laim 702, wherein the stage and the measurement device are 



coupled to a proce/s to^l, the method further comprising altering a parameter of one or 
more instruments coujjjpd to the process tool using the remote controller computer in 

response to at least one of the determined properties of the specimen using a feedback 

f 

control technique. / 


716. The methocjof claim 702, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising altering a parameter of one or 


more instruments coupled to the process tool using the remote controller computer in 
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response to at least oije of the determined properties of the specimen using a feedforward 
control technique. 

717. The method of claim 702, wherein the stage and the measurement device are 
coupled to a process tc ol, the method further comprising monitoring a parameter of one 
or more instruments coupled to the process tool using the remote controller computer. 


718. The method ofjjclaim 717, further comprising determining a relationship between 
at least one of the dete|mined properties and at least one of the monitored parameters 
1 0 using the remote controller computer. 


719. The method of claim 718, further comprising altering a parameter of at least one 

I 

of the instruments in response to the relationship using the remote controller computer. 

1 5 720. The method of claim 702, wherein the illumination system and the detection 
system are coupled to a process chamber of the process tool, the method further 
comprising performing j aid directing and said detecting during a process step. 


72 1 . The method of c. 


aim 720, further comprising obtaining a signature characterizing 
!e remote controller computer, wherein tl 
least one singularity rfpres^Qtative of an end of the process step. 


pf 20 the process step using the remote controller computer, wherein the signature comprises at 



722. The method of claim 720, further comprising altering a parameter of one or more 

I 

instruments coupled to the process tool using the remote controller computer in response 

I 

25 to at least one of the determined properties using an in situ control technique. 


723 . The method of claim 702, further comprising: 

/ 
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moving the specimen from a first process chamber to a second process chamber 
using the stage! 

performing saidjdirecting and said detecting during said moving the specimen. 


m 


15 


20 


724. The method of claim 702, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens using the remote controller computer. 


10 725. The method of jclaim 702, further comprising comparing at least one of the 

determined properties of the specimen to a predetermined range for the property using the 
remote controller computer. 


726. The method of claim 725, further comprising generating an output signal using the 
remote controller computer if at least one of the determined properties of the specimen is 
outside of the predetermined range for the property. 


727. The metho< 


the measurement device 



im 702, wherein the remote controller computer is coupled to 


728. The method of claim 727, further comprising altering a sampling frequency of the 


measurement device^ using the remote controller computer in response to at least one of 

I 

the determined properties of the specimen. 


! 

25 729. The methodfof claim 727, further comprising altering a parameter of one or more 

I 

instruments coupled to the measurement device using the remote controller computer in 
response to at leas^/one of the determined properties using a feedback control technique. 


Page 392 


Conley, Rose & Tayon 


15 


730. The method M claim 727, further comprising altering a parameter of one or more 
instruments couple® to the measurement device using the remote controller computer in 
response to at least pne of the determined properties using a feedforward control 
technique. 


73 1 . The method of claim 702, further comprising generating a database using the 
remote controller co nputer, wherein the database comprises the determined first and 
second properties of the specimen. 

1 0 732. The methodlof claim 73 1 , further comprising calibrating the measurement device 
using the remote controller computer and the database. 


733. The metho^d of claim 73 1 , further comprising monitoring output signals from the 
measurement device using the remote controller computer and the database. 


m 

53 734. The method of claim 73 1 , wherein the database further comprises first and second 

f~ properties of a plurality of specimens. 



735. The m^^d/ft claim 734, wherein the first and second properties of the plurality 

20 of specimens are generated using a plurality of measurement devices. 

f 

/ 

736. The method of claim 735, further comprising calibrating the plurality of 

I 

measurement devices using the remote controller computer and the database. 

J 

I 

25 737. Thefmethod of claim 735, further comprising monitoring the plurality of 

I 

measureimpt devices using the remote controller computer and the database. 
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738. The method of claim 702, further comprising sending the at least partially 
processed one or more putput signals from a plurality of local processors to the remote 
controller computer, wlerein each of the plurality of local processors is coupled to one of 
a plurality of measurement devices. 

739. The method of claim 738, further comprising altering a parameter of one or more 
instruments coupled to at ueast one of the plurality of measurement devices using the 
remote controller computer in response to at least one of the determined properties of the 
specimen. 

740. The method of claiAi 738, wherein each of the plurality of measurement devices is 
q coupled to one of a plurality of process tools. 

*f 

US 74 1 . The method of claim 740, further comprising altering a parameter of one or more 

M | 

1 5 instruments coupled to at least one of the plurality of process tools using the remote 

fr% J 

controller computer in response to at least one of the determined properties of the 


m 


O 


10 


25 



specimen. 

742. A system configui^d to, determine at least two properties of a specimen during 
20 use, comprising: 


a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 


an illumination system configured to direct energy toward a surface of the 
specime J^uring use; and 
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a detection system coupled to the illumination system and configured to 
detecl energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals in response to the detected energy during use; and 


a processor coupled to the measurement device and configured to determine a first 
property and a second property of the specimen from the one or more output 
signals during us|, wherein the first property comprises a critical dimension of the 
specimen, and wherein the second property comprises a presence of defects on the 
specimen. 


743. The system of claim 742, wherein the stage is further configured to move laterally 
during use. 

744. The system of claim 742, wherein the stage is further configured to move 
rotatably during use. 

745. The system of claim 742, wherein the stage is further configured to move laterally 
and rotatably during|use. 

r 

746. The systeWj^fi claim 742, wherein the illumination system comprises a single 
energy source. 


747. The system of claim 742, wherein the illumination system comprises more than 
one energy source. 


748. The system of claim 742, wherein the detection system comprises a single energy 
sensitive devici. 


Page 395 


Conley, Rose & Tayon 


as 


749. The system oftclaim 742, wherein the detection system comprises more than one 
energy sensitive devices. 

5 750. The system of claim 742, wherein the measurement device further comprises a 
non-imaging scatterometer. 

751 . The system of claim 742, wherein the measurement device further comprises a 
scatterometer. 


10 


J 


752. The system of claim 742, wherein the measurement device further comprises a 
Q spectroscopic scatterometer. 


j 


753. The system of claim 742, wherein the measurement device further comprises a 
1 5 reflectometer. 


754. The system of/claim 742, wherein the measurement device further comprises a 

spectroscopic reflectometer. 

I, 
t 

20 755. The system ^of claim 742, wherein the measurement device further comprises a 
coherence probe microscope. 


qy 

stem*ef claii 


756. The system*©! claim 742, wherein the measurement device further comprises an 
ellipsometer. t 

25 ! 

/ 

757. The system of claim 742, wherein the measurement device further comprises a 
spectroscopic iellipsometer. 
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758. The system of Aaim 742, wherein the measurement device further comprises a 
bright field imaging device. 

759. The system of claim 742, wherein the measurement device further comprises a 
dark field imaging device! 


760. The system of claim 742, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


761 . The system of claim 742, wherein the measurement device further comprises a 
non-imaging bright field device. 


762. The system of claim 742, wherein the measurement device further comprises a 
non-imaging dark field device. 


763. The system of claim 742, wherein the measurement device further comprises a 


non-imaging bright field 


iind dark field device. 


764. The system of claim 742, wherein the measurement device further comprises at 
least a first measufemeht device and a second measurement device, and wherein the first 


and second meas 



I devices are selected from the group consisting of a non-imaging 


scatterometer, a scattei|ometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, an ellipsometer, a 


spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 


Djieter, 


bright field and darkpeld imaging device, a non-imaging bright field device, a non- 
imaging dark field ^evice, and a non-imaging bright field and dark field device. 
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765. The system of claim 742, wherein the measurement device further comprises at 
least a first measuremem device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

766. The system of clai^n 742, wherein the defects comprise micro defects and macro 
defects. 

767. The system of claim 742, wherein the defects comprises micro defects or macro 
defects. 


768. The system of claim 742, wherein the illumination system is further configured to 

direct energy toward a bojttom surface of the specimen during use, wherein the detection 

system is further configured to detect energy propagating from the bottom surface of the 

specimen during use, and wherein the second property further comprises a presence of 

I 

defects on the bottom surface of the specimen. 


r 

769. The system of claim 768, wherein the defects comprise macro defects. 


770. The system of claim 742, wherein the processor is further configured to determine 
a third property of thejS^cimen from the one or more output signals during use, and 
wherein the third Wopei0 is selected from the group consisting of a roughness of the 
specimen, a roughness ofaTayer on the specimen, and a roughness of a feature of the 
specimen. 

771 . The system/of claim 770, wherein the system is coupled to a process tool selected 

I 

from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, ancyan etch tool. 
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772. The system of ch im 742, wherein the system is further configured to determine at 
least two properties of th 2 specimen substantially simultaneously during use. 

5 773. The system of claim 742, wherein the illumination system is further configured to 
direct energy to multiple locations on the surface of the specimen substantially 
simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 

simultaneously such that pne or more of the at least two properties of the specimen can be 

I 

10 determined at the multiple locations substantially simultaneously. 


774. The system of claim 742, wherein the system is coupled to a process tool. 

! 


775. The system of claim 742, wherein the system is coupled to a process tool, and 

I 

1 5 wherein the system is disposed within the process tool. 


776. The system of claim 742, wherein the system is coupled to a process tool, and 
wherein the system is* arranged laterally proximate to the process tool. 

20 777. The\system otclaim 742, wherein the system is coupled to a process tool, and 
wherein the prbxres^o^ comprises a wafer handler configured to move the specimen to 
the stage during use. 


778. The system of claim 742, wherein the system is coupled to a process tool, and 
/ 

25 wherein the stage is configured to move the specimen from the system to the process tool 


during use. 


1 
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779. The system of cl|im 742, wherein the system is coupled to a process tool, and 
wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 


780. The system of claim 742, wherein the system is coupled to a process tool, wherein 
the process tool comprises j support device configured to support the specimen during a 
process step, and wherein a i upper surface of the support device is substantially parallel 
to an upper surface of the stage. 

781 . The system of claim 742, wherein the system is coupled to a process tool, wherein 
the process tool comprises/a support device configured to support the specimen during a 
process step, and whereinjan upper surface of the stage is angled with respect to an upper 


I 

surface of the support device. 


782. The system of cjaim 742, wherein the system is coupled to a process tool selected 
from the group consisting of a lithography tool, an etch tool, and a deposition tool. 


783. The system of/claim 742, wherein the system comprises a measurement chamber, 
wherein the stage and the measurement device are disposed within the measurement 
chamber, and where/n the measurement chamber is coupled to a process tool. 



784. The systetn/(Mc}aim 742, wherein the system comprises a measurement chamber, 
wherein the stage and the measurement device are disposed within the measurement 
chamber, and wherein the measurement chamber is disposed within the process tool. 


785. The system of claim 742, wherein the system comprises a measurement chamber, 
wherein the stqge and the measurement device are disposed within the measurement 
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chamber, and wherei J the measurement chamber is arranged laterally proximate to a 
process chamber of tne process tool. 


786. The system of claim 742, wherein the system comprises a measurement chamber, 
wherein the stage and the measurement device are disposed within the measurement 
chamber, and wherein the measurement chamber is arranged vertically proximate to a 
process chamber of the process tool. 


787. The system of c 


aim 742, wherein a process tool comprises a process chamber, 


wherein the stage is disposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 


788. The system of claim 787, wherein the processor is further configured to determine 
at least the two properties of the specimen during the process step. 

789. The system of claim 788, wherein the processor is further configured to obtain a 

J 

signature characterizing the process step during use, and wherein the signature comprises 

at least one singularity representative of an end of the process step. 

j 

790. The systen/of clakiiJ88, wherein the processor is coupled to the process tool and 
is further configure\^to alt&r a parameter of one or more instruments coupled to the 
process tool in response; to the*dctermined properties using an in situ control technique 

during use. j 

t 
\ 

791. The system of claim 742, wherein a process tool comprises a first process 


chamber and a second'process chamber, and wherein the stage is further configured to 
move the specimen from the first process chamber to the second process chamber during 


use. 
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792. The system of claim ^2, wherein a process tool comprises a first process 
chamber and a second processlchamber, and wherein the system is further configured to 
determine at least the two properties of the specimen as the stage is moving the specimen 
from the first process chamber jto the second process chamber. 


793. The system of claim 742, wherein the processor is further configured to compare 
at least one of the determinedjproperties of the specimen and properties of a plurality of 
specimens during use. 

794. The system of claim/742, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen to a predetermined range for the 
property during use. 


1 5 795 . The system of claim 794, wherein the processor is further configured to generate 
an output signal if at least one of the determined properties of the specimen is outside of 
the predetermined ranee for the property during use. 

796. The sptembf claim 742, wherein the processor is further configured to alter a 
20 sampling frequency ofphe measurement device in response to the determined first or 

second property ofthe specimen during use. 

797. The system of claim 742, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 

25 the determineo/first or second property using a feedback control technique during use. 
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798. The system of claim 742, wherein the processor is further configured to alter a 
parameter of one or morp instruments coupled to the measurement device in response to 
the determined first or second property using a feedforward control technique during use. 

799. The system of claim 742, wherein the processor is further configured to generate a 
database during use, wherein the database comprises the determined first and second 
properties of the specimen.] 

800. The system of claim #99, wherein the processor is further configured to calibrate 
the measurement device using the database during use. 


801 . The system of claim j?99, wherein the processor is further configured to monitor 
output signals generated by measurement device using the database during use. 


802. The system of claim l 799, wherein the database further comprises first and second 

, ; ? 

properties of a plurality of specimens. 

t 

803. The system of claim 802, wherein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices. 



804. The system of cla^a^)3, wherein the processor is further coupled to the plurality 
of measurement devices. • 

i 

805. The system of claim 804, wherein the processor is further configured to calibrate 
the plurality of measurement devices using the database during use. 
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806. Thensystem of claim 804, wherein the processor is further configured to monitor 
output signals generated by the plurality of measurement devices using the database 
during use. \ 

807. The system of claim 742, further comprising a stand alone system coupled to the 
system, wherein the stand alone system is configured to be calibrated with a calibration 
standard during Vse, and wherein the stand alone system is further configured to calibrate 
the system during use. 

808. The system of claim 742, further comprising a stand alone system coupled the 
system and at least one additional system, wherein the stand alone system is configured to 
be calibrated with a calibration standard during use, and wherein the stand alone system is 
further configured fp calibrate the system and at least the one additional system during 
use. 


809. The system df claim 742, wherein the system is further configured to determine at 
least the two properties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of thedefcrmined properties of the specimen at the more than one position on 


the specimen to 


810. The system 
tool. 



thin wafer variation of at least one of the determined properties. 


742, wherein the processor is further coupled to a process 


811. The system of claim 742, wherein the processor is further coupled to a process 
tool, and wherein tha processor is further configured to alter a parameter of one or more 
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instruments ciupled to the process tool in response to the determined first or second 
property usingia feedback control technique during use. 

812. The systlm of claim 742, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to alter a parameter of one or more 
instruments coupfed to the process tool in response to the determined first or second 
property using a feedforward control technique during use. 


813. The systemlof claim 742, wherein the processor is further coupled to a process 
10 tool, and wherein me processor is further configured to monitor a parameter of one or 
more instruments coupled to the process tool during use. 


CI 


25 


814. The system 6f claim 813, wherein the processor is further configured to determine 
a relationship betwe sn the determined properties and at least one of the monitored 


1 5 parameter during us i 


815. The system 
parameter of at least 


qf claim 814, wherein the processor is further configured to alter the 
one of the instruments in response to the relationship during use. 


measurement devi 
coupled to at laast 



20 816. The system c f claim 742, wherein the processor is further coupled to a plurality of 


and wherein each of the plurality of measurement devices is 
e of a plurality of process tools. 


^eota^ir 


817. The system ©f claim 742, wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 


processor, whereimthe local processor is configured to at least partially process the one or 
more output signals during use, and wherein the remote controller computer is configured 
to further process the at least partially processed one or more output signals during use. 
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818. The system of claim 8 1 7, wherein the local processor is further configured to 
determine the first property and the second property of the specimen during use. 

819. The system onclaim 8 1 7, wherein the remote controller computer is further 
configured to determine the first property and the second property of the specimen during 
use. 

820. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement devdce, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy ^ward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 

It 

system; j| 

generating one &r more output signals responsive to the detected energy; and 

processing the one oraiore output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of the specimen, and wherein the second property comprises a presence 

of defects on the specimen. 

5 

j 

821 . The method of claim 820, further comprising laterally moving the stage during 

said directing energy' and said detecting energy. 

/ 
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said directing energy and 


822. The method of ck im 820, further comprising rotatably moving the stage during 


laid detecting energy. 


5 823. The method of claim 820, further comprising laterally and rotatably moving the 

I 

stage during said directing energy and said detecting energy. 


824. The method of claim 820, wherein the illumination system comprises a single 
energy source. 


10 


825. The method of claim 820, wherein the illumination system comprises more than 

Q 

one energy source. 

US- 

N 826. The method of claim |820, wherein the detection system comprises a single energy 

ffi 15 sensitive device. 


U 827. The method of claiip 820, wherein the detection system comprises more than one 

fy energy sensitive devices. / 


20 828. The method o^clabti 820; wherein the measurement device further comprises a 
non-imaging scatterometerV^ 

/• 

829. The method of .claim 820, wherein the measurement device further comprises a 
scatterometer. 


25 


830. The method of claim 820, wherein the measurement device further comprises a 
spectroscopic scatterometer. 
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m 


83 1 . The method of clai$i 820, wherein the measurement device further comprises a 
reflectometer. 

832. The method of claim 820, wherein the measurement device further comprises a 
5 spectroscopic reflectomete|\ 

833. The method of clai n 820, wherein the measurement device further comprises a 
coherence probe microsco )e. 

10 834. The method of claijm 820, wherein the measurement device further comprises an 
ellipsometer. 

835. The method of claim 820, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 


836. The method of claim 820, wherein the measurement device further comprises a 
bright field imaging device. 


Mr 


837. The method oflclaim 820, wherein the measurement device further comprises a 
20 dark field imaging dejvice. 


838. The metho^D^claim 820, wherein the measurement device further comprises a 
bright field and dark field imaging device. 

25 839. The method of claim 820, wherein the measurement device further comprises a 
non-imaging briftht field device. 


Page 408 


Contey, Rose & Tayon 


840. The method of claim 820, wherein the measurement device further comprises a 
non-imaging dark field device. 

841 . The method of claim 820, wherein the measurement device further comprises and 
a non-imaging bright fieldland dark field device. 

842. The method of claiiji 820, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatteromei er, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometei|, a coherence probe microscope, an ellipsometer, a 

a bright field imaging device, a dark field imaging device, a 
aging device, a non-imaging bright field device, a non- 


spectroscopic ellipsometer, 
bright field and dark field i 


imaging dark field devicejand a non-imaging bright field and dark field device. 

843. The method of claim 820, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


844. The method 
defects. 


fclaim 820, wherein the defects comprise micro defects and macro 


845. The methocyof claim 820, wherein the defects comprises micro defects or macro 
defects. 


846. The met^bd of claim 820, further comprising: 
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directing energy toward a bottom surface of the specimen; and 


detecting energy 
the second property 
specimen. 


propagating from the bottom surface of the specimen, wherein 
comprises a presence of defects on the bottom surface of the 


847. The method of claim 846, wherein the defects comprise macro defects. 


848. The method of clai n 820, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group co nsisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roi ghness of a feature of the specimen. 


849. The method of claim 848, wherein the stage and the measurement device are 
coupled to a process tool/selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


850. The method of jclaim 820, wherein processing the one or more output signals to 
determine the first anql second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 


851. The method' of claim 820, further comprising directing energy toward multiple 
locations on the syrface of the specimen substantially simultaneously and detecting 
energy propagating from the multiple locations substantially simultaneously such that one 
or more of the at/ least two properties of the specimen can be determined at the multiple 
locations substantially simultaneously. 
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852. The method of claipi 820, wherein the stage and the measurement device are 
coupled to a process tool. 

853. The method of claim 820, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proximate to the ^rocess tool. 

854. The method of claim 820, wherein the stage and the measurement device are 
coupled to a process tooljand wherein the stage and the measurement device are disposed 
within the process tool. 

855. The method of claim 820, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an etch 
tool, and a deposition tool. 


856. The method of claim 820, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a wafer handler, and 
wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to the stage using the wafer handler. 


857. The methodm^laim 820, wherein the stage and the measurement device are 
coupled to a proc&s itooi, the method further comprising moving the specimen to the 
process tool subsequent^ said directing and said detecting using the stage. 


858. The method of claim 820, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising determining at least the two 
properties of the specimen while the specimen is waiting between process steps. 
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859. The method of claini 820, wherein the stage and the measurement device are 
coupled to a process tool, w lerein the process tool comprises a support device configured 
to support the specimen dur ng a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 


860. The method of claim 820, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen dunng a process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 


861. The method of claim '820, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 


coupled to a process tool. 

862. The method of claim 
disposed within a measureim 
disposed within the process 


820, wherein the stage and the measurement device are 
nt chamber, and wherein the measurement chamber is 
bol. 


863. The method of claim 820, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of the process tool. 


864. The method fcf sJ^up^O, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of the process tool. 


865. The method off claim 820, wherein disposing the specimen upon the stage 
comprises disposing/he specimen upon a support device disposed within a process 
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chamber of a process tool, and wherein the support device is configured to support the 
specimen during i process step. 

866. The metfiod of claim 865, further comprising performing said directing and said 
detecting during/the process step. 


867. The method of claim 866, further comprising obtaining a signature characterizing 
the process step| wherein the signature comprises at least one singularity representative of 
an end of the process step. 


868. The method of claim 866, further comprising altering a parameter of one or more 
instruments coupled to the process tool in response to the determined properties using an 
in situ control technique. 


869. The method of claim 820, further comprising moving the specimen from a first 
process chamber i b a second process chamber using the stage, wherein the first process 
chamber and the j econd process chamber are disposed within a process tool. 

870. The method of claim 869, further comprising performing said directing and said 
detecting during said moving the specimen from the first process chamber to the second 
process chamber! 


871 . The method of claim 820, further comprising comparing at least one of the 
determined p£jgerties of the specimen and determined properties of a plurality of 
specimens. 


872. The method of claim 820, further comprising comparing at least one of the 
determined/properties of the specimen to a predetermined range for the property. 
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873. The method off claim 872, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the proper 


874. The method o 
measurement device i 
specimen. 


claim 820, further comprising altering a sampling frequency of the 
response to the determined first or second property of the 


10 


yl 


15 


20 


875. The method of 
instruments coupled to 
second property using j 


;laim 820, further comprising altering a parameter of one or more 
the measurement device in response to the determined first or 
feedback control technique. 


876. The method of claim 820, further comprising altering a parameter of one or more 


instruments coupled to 
second property using i 


he measurement device in response to the determined first or 
feedforward control technique. 


877. The method of olaim 820, further comprising generating a database, wherein the 
database comprises the- determined first and second properties of the specimen. 

878. The method of claim 877, further comprising calibrating the measurement device 
using the database. 



879. The method |>rclaim 877, further comprising monitoring output signals of the 
25 measurement device using the database. 


880. The methojd of claim 877, wherein the database further comprises first and second 
properties of a plurality ot specimens. 


plurality of s 
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881 . The method of daim 880, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 


882. The method of clMm 
measurement devices using 


881, further comprising calibrating the plurality of 
the database. 


883 . The method of claim 88 1 , further comprising monitoring output signals of the 
plurality of measurement devices using the database. 


884. The method of claim 820, wherein a stand alone system is coupled to the 
measurement device, the method further comprising calibrating the stand alone system 
with a calibration standard ^ind calibrating the measurement device with the stand alone 
system. 


885. The method of claim 820, wherein a stand alone system is coupled to the 
measurement device and at |east one additional measurement device, the method further 
comprising calibrating the stand alone system with a calibration standard and calibrating 


the measurement device an 
alone system. 


886. 


at least the one additional measurement device with the stand 



The method of cFaM 820, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
parameter of one or more instruments coupled to a process tool in response to at least one 
of the determined properties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 


i^in 
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887. The method of claim 820, further comprising altering a parameter of one or more 
instrument coupled to a process tool in response to the determined first or second 
property of the specimen using a feedback control technique. 

5 888. The method of c [aim 820, further comprising altering a parameter of one or more 
instrument coupled to a process tool in response to the determined first or second 
property of the specimen using a feedforward control technique. 

889. The method of claim 820, further comprising monitoring a parameter of one or 
10 more instruments coupled to a process tool. 


s 


890. The method of claim 889, further comprising determining a relationship between 
the determined properties and at least one of the monitored parameters. 

15 891. The method of clai ax 890, further comprising altering the parameter of at least one 
of the instruments in response to the relationship. 

892. The method of clai m 820, further comprising altering a parameter of one or more 
instruments coupled to ea<ph of a plurality of process tools in response to the determined 
20 first or second propert^<5fiftne specimen. 



893. The method of cl^im 820, wherein processing the one or more output signals 
comprises: 


25 


at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 
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sending the partially processed one or more output signals from the local 
processor to a rem )te controller computer; and 


further processing 
remote controller 


the partially processed one or more output signals using the 


computer. 


894. The method of claim 893, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 


895. The method of claim\893, wherein further processing the partially processed one 
or more output signals composes determining the first and second properties of the 
specimen. 

896. A computer-implemented method for controlling a system configured to 

determine at least two properties of a specimen during use, wherein the system comprises 

l 

a measurement device, comprising: 


controlling the measurement device, wherein the measurement device comprises 
an illumination systemaijd a detection system, and wherein the measurement 
device is coupled ta^stage/Compnsmg: 

controlling the ilhjmination system to direct energy toward a surface of the 
specimen; 

controlling the detection system to detect energy propagating from the 
surface of the specimen; and 
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generating ogie or more output signals responsive to the detected energy; 
and I 


processing the one or 


more output signals to determine a first property and a 


dimension of the spec 


second property of the specimen, wherein the first property comprises a critical 


imen, and wherein the second property comprises a presence 


of defects on the specimen. 

897. The method of claim^fe, further comprising controlling the stage, wherein the 
stage is configured to supportfthg^specimen. 

898. The method of claim 8%, further comprising controlling the stage to move 
laterally during said directing energy and said detecting energy. 

899. The method of claim 89^ further comprising controlling the stage to move 
rotatably during said directing enlrgy and said detecting energy. 

900. The method of claim 896, further comprising controlling the stage to move 
laterally and rotatably during said directing energy and said detecting energy. 

901 . The method of claim 896. ^herein the illumination system comprises a single 
energy source. 

902. The method of claim 896, wherein the illumination system comprises more than 
one energy source. 

903. The method of claim 896, ^herein the detection system comprises a single energy 
sensitive device. 
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904. The method of claipi 896 5 wherein the detection system comprises more than one 
energy sensitive devices. 

905. The method of claim|896, wherein the measurement device further comprises a 
non-imaging scatterometer. 

906. The method of claim ^96, wherein the measurement device further comprises a 
scatterometer. 


907. The method of claim 89' 
spectroscopic scatterometer. 

908. The method of claim 89^ 
reflectometer. 


wherein the measurement device further comprises a 


wherein the measurement device further comprises a 


909. The method of claim 896, wherein the measurement device further comprises a 
spectroscopic reflectometer. 


9 1 0. The method of claim 8961 wherein the measurement device further comprises a 
coherence probe microscope. JL 

r 

911. The method of claim 89^, wherein the measurement device further comprises an 
ellipsometer. 


912. The method of claim 896, wherein the measurement device further comprises a 

—j 
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913. The method of claim §96, wherein the measurement device further comprises a 
bright field imaging device. 

914. The method of claim 89|6, wherein the measurement device further comprises a 
dark field imaging device. 

915. The method of claim 896, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


916. The method of claim 896, wherein the measurement device further comprises a 
non-imaging bright field device 

917. The method of claim 89p, wherein the measurement device further comprises a 
non-imaging dark field device. 

918. The method of claim 896, wherein the measurement device further comprises and 
a non-imaging bright field andfdark field device. 


919. The method of claim 85(6, wherein the measurement device further comprises at 
least a first measurement seap^ and a/second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark field imaging device, a non-imaging bright field device, a non- 
imaging dark field device, and a non-imaging bright field and dark field device. 
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920. The method of claim|896, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


921 . The method of clai 
defects. 


922. The method of claim 
defects. 


896, wherein the defects comprise micro defects and macro 


896, wherein the defects comprises micro defects or macro 


923. The method of claiip 896, further comprising: 

controlling the illurp ination system to direct energy toward a bottom surface of the 
specimen; and 


controlling the detention system to detect energy propagating from the bottom 
surface of the specimen, wherein the second property comprises a presence of 
defects on the botto n surface of the specimen. 


924. The method of claim 923, wherein the defects comprise macro defects. 


925. The method of claim 896, further comprising processing the one or more output 
signals to determine a thim property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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926. The method of claim 925, wherein the stage and the measurement device are 
coupled to a process to'ol selected from the group consisting of a lithography tool, an 
atomic layer deposition\ool, a cleaning tool, and an etch tool. 

927. The method of cl lim 896, wherein processing the one or more output signals to 
determine the first and se cond properties of the specimen comprises substantially 
simultaneously determin ng the first and second properties of the specimen. 


928. The method of c 
to direct energy toward 


aim 896, further comprising controlling the illumination system 
ultiple locations on the surface of the specimen substantially 
simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that one or more of the at least two 
properties of the speciirpi can be determined at the multiple locations substantially 
simultaneously. 

929. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process tool. 

930. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process fool, and wherein the stage and the measurement device are arranged 
laterally proximate fgjne process tool. 


93 1 . The methau of claim 896, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the proems tool. 
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932. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process tooV and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, and a deposition tool. 

933. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process tool,|he method further comprising controlling a wafer handler to 
move the specimen from t|ie process tool to the stage, and wherein the wafer handler is 
coupled to the process tool 

934. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling the stage to move the 
specimen from the system t ) the process tool. 

935. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimen from th| process tool to the stage such that at least the two properties 
of the specimen can be determined while the specimen is waiting between process steps. 

f 

936. The method of claim 896, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen Mnng a process step, and wherein an upper surface of the 
support device is substaM^y parallel to an upper surface of the stage. 

937. The method of c^aim 896, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect tp an upper surface of the support device. 
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938. The method of chiim 896, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool! 

939. The method of claim 896, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
disposed within a process tool. 


940. The method of claim 896, wherein the stage and the measurement device are 
10 disposed within a measurement chamber, and wherein the measurement chamber is 

arranged laterally proximate to a process chamber of a process tool. 

94 1 . The method of claim 896, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 

1 5 arranged vertically proximate to a process chamber of a process tool. 


4»J 

m 


20 


942. The method of claim 896, further comprising disposing the specimen upon a 
support device disposed within a process chamber of a process tool, and wherein the 
support device is configured to support the specimen during a process step. 


943. The method of cl 


942, further comprising controlling the illumination system 


and controlling the dereepro system during the process step. 


944. The method of c 
25 signature characterizmj 
singularity representati 


'aim 943, further comprising controlling the system to obtain a 
the process step, wherein the signature comprises at least one 
e of an end of the process step. 
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945. The method of claim 943 , further comprising controlling the system to alter a 
parameter of one or mbre instruments coupled to the process tool in response to the 
determined properties ising an in situ control technique. 


946. The method of c 
specimen from a first process 
process chamber and the 


947. The method of c 
and controlling the detei 


[aim 896, further comprising controlling the stage to move the 
chamber to a second process chamber, wherein the first 
second process chamber are disposed within a process tool. 


aim 946, further comprising controlling the illumination system 
hion system during said moving the specimen from the first 


process chamber to the second process chamber. 


948. The method of claim 896, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens. 


949. The method of jclaim 896, further comprising comparing at least one of the 
determined properties f)f the specimen to a predetermined range for the property. 


950. The method oftclaim 949, further comprising generating an output signal if at 
least one of the de^ermfned properties of the specimen is outside of the predetermined 
range for the property;* 


95 1 . The method of claim 896, further comprising altering a sampling frequency of the 
measurement devicefin response to the determined first or second property of the 
specimen. 
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952. The mefhod of claim 896, further comprising altering a parameter of one or more 
instruments coApled to the measurement device in response to the determined first or 
second propertAusing a feedback control technique. 

953. The methld of claim 896, further comprising altering a parameter of one or more 
instruments couplld to the measurement device in response to the determined first or 
second property using a feedforward control technique. 

954. The methoc of claim 896, further comprising generating a database, wherein the 
database comprise Jthe determined first and second properties of the specimen. 

955. The method ;of claim 954, further comprising calibrating the measurement device 
using the database. : 

956 The method bf claim 954, further comprising monitoring output signals of the 
measurement device using the database. 

i 

j' 

957. The method [of claim 954, wherein the database further comprises first and second 
properties of a plurality of specimens. 

i 

958. The method of claim 957, wherein the first and second properties of the plurality 
of specimens are^gen^rated using a plurality of measurement devices. 

959. The method of claim 958, further comprising calibrating the plurality of 

measurement devices using the database. 

i 

960. The method of claim 958, further comprising monitoring output signals of the 
plurality of measurement devices using the database. 


Page 426 


Conley, Rose & Tayon 


# 


I 

961 . The method; of claim 896, wherein a stand alone system is coupled to the system, 
the method further comprising controlling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. 


962. The method of c laim 896 5 wherein a stand alone system is coupled to the system 
and at least one additional system, the method further comprising controlling the stand 
alone system to calibrate the stand alone system with a calibration standard and further 
controlling the stand alone system to calibrate the system and at least the one additional 
system. ; 

l : 

963. The method of claim 896, wherein the system is further configured to determine at 
least the two properties !of the specimen at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
one parameter of one or more instruments coupled to a process tool in response to at least 
one of the determined properties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 



964. The method ofMm 896, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to the determined first or second 
property of the specimen using a feedback control technique. 


965. The method of claim 896, further comprising altering a parameter of one or more 
instruments couplecj'to a process tool in response to the determined first or second 
property of the specimen using a feedforward control technique. 
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966. The method cjf claim 896, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool. 


967. The method of claim 966, further comprising determining a relationship between 
5 the determined properties and at least one of the monitored parameters. 

968. The method of claim 967, further comprising altering a parameter of one or more 
of the instruments in response to the relationship. 

I 

1 0 969. The method of claim 896, further comprising altering a parameter of one or more 
instruments coupled to each of a plurality of process tools in response to the determined 
first or second property of the specimen. 


y i 970. The method of claim 896, wherein processing the one or more output signals 

Jp 15 comprises: 1 


^ at least partially processing the one or more output signals using a local processor, 

J3 wherein the local processor is coupled to the measurement device; 

S==l ; 

0 20 sending the^artiklly processed one or more output signals from the local 

processor to^r^moX^ controller computer; and 

further processing the partially processed one or more output signals using the 
remote controller computer. 


25 


971 . The method of claim 970, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 

i 
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972. The method of claim 970, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 

973. A semiconductor device fabricated by a method, the method comprising: 

forming a portion of jthe semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a 
f 

measurement device, [.and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one on-more output signals responsive to the detected energy; and 


OL-fiaqre oi 


processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of the portion of the specimen, and wherein the second property 
comprises a presence of defects on the portion of the specimen. 

974. The device of claim 973, wherein the illumination system comprises a single 
energy source. / 

/ 
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975. The device of cla\m 973, wherein the illumination system comprises more than 
one energy source. 

976. The device of clair^ 973, wherein the detection system comprises a single energy 
5 sensitive device. 


977. The device of claim 973, wherein the detection system comprises more than one 
energy sensitive devices. 


1 0 978. The device of claim 9|3, wherein the measurement device is selected from the 
n group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 


scatterometer, a reflectometer] a spectroscopic reflectometer, a coherence probe 

Ul microscope, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging device, a 

Sf I 

£ dark field imaging device, a bright field and dark field imaging device, a non-imaging 

ZT * 

JfL 5 1 5 bright field device, a non-imaging dark field device, and a non-imaging bright field and 

yj ; 

3 dark field device. | 

pi i 
' > 

2 979. The device of claim 973, wherein the measurement device further comprises at 

O least a first measurement device and a second measurement device, and wherein the first 

20 and second measuremenf deuces are selected from the group consisting of a non-imaging 
scatterometer, a scatterometeVa spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark field imaging device, a non-imaging bright field device, a non- 
25 imaging dark field device,;and a non-imaging bright field and dark field device. 

/ 

980. The device of cla^m 973, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 


/ 
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elements of the first {measurement device comprise optical elements of the second 
measurement device 


^0 

m 


fU' 
O 


981. The device of 
5 defects. 


aim 973, wherein the defects comprise micro defects and macro 



982. The device of claim 973, wherein the defects comprises micro defects or macro 
defects. 

10 983. The device of claim 973, further comprising: 


directing energy toward a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
15 the second property comprises a presence of defects on the bottom surface of the 

specimen. 

984. The device o^ claim 983, wherein the defects comprise macro defects. 

i 

20 985. The device of claim 973, further comprising processing the one or more output 

signals to determine a third property of the specimen, wherein the third property is 

a 

selected from the gioup consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 


25 986. The device'of claim 973, wherein the stage and the measurement device are 

coupled to a process tool selected from the group consisting of a lithography tool, an 

f 

atomic layer deposition tool, a cleaning tool, and an etch tool. 
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987. The device of clanm 973, wherein the stage and the measurement device are 
coupled to a process tool.\ 


988. The device of claim $73, wherein the stage and the measurement device are 


coupled to a process tool, anc^wherein the process tool is selected from the group 
consisting of a lithography tool an etch tool, and a deposition tool. 


989. A method for fabricating a semiconductor device, comprising: 


forming a portion of thej semiconductor device upon a specimen; 

disposing the specimen lpon a stage, wherein the stage is coupled to a 
measurement device, an i wherein the measurement device comprises an 
illumination system anq a detection system; 


directing energy towara a surface of the specimen using the illumination system; 


detecting energy props 
system; 


generating one or moi * 


gating from the surface of the specimen using the detection 


Ou 


output signals responsive to the detected energy; and 


processing the one or 
second property of the 
dimension of the spec 
of defects on the porti 


nore output signals to determine a first property and a 
specimen, wherein the first property comprises a critical 
men, and wherein the second property comprises a presence 
n of the specimen. 
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990. The method of clJim 989, wherein the illumination system comprises a single 
energy source. 


991 . The method of claim 989, wherein the illumination system comprises more than 
one energy source. 

992. The method of cla|m 989, wherein the detection system comprises a single energy 
sensitive device. 

993. The method of claim 989, wherein the detection system comprises more than one 
energy sensitive devices. 

994. The method of claim 989, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging device, a 
dark field imaging device, a bright field and dark field imaging device, a non-imaging 
bright field device, a non-imaging dark field device, and a non-imaging bright field and 
dark field device. 

995. The method of/tfaijn 989, wherein the measurement device further comprises at 
least a first measurementtievice and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 

bright field and dark'field imaging device, a non-imaging bright field device, a non- 

I 

imaging dark field device, and a non-imaging bright field and dark field device. 
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996. The method 
least a first measurement de 
elements of the first 
measurement device 


of claimf989, wherein the measurement device further comprises at 
dee and a second measurement device, and wherein optical 
measurement device comprise optical elements of the second 


997. The method of clair 1 989, wherein the defects comprise micro defects and macro 
defects. 

998. The method of claim 989, wherein the defects comprises micro defects or macro 
defects. 

999. The method of clai n 989, further comprising: 

directing energy toward a bottom surface of the specimen; and 

detecting energy p -opagating from the bottom surface of the specimen, wherein 
the second property comprises a presence of defects on the bottom surface of the 


specimen. 


1000. The method i 


o/climi 999, 

r 


wherein the defects comprise macro defects. 


1 001 . The method of <|laim 989, further comprising processing the one or more output 
signals to determine a jhird property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 


Page 434 


Conley, Rose & Tayon 


1002. The method of/claim 1001, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


i hi 


Q 


5 1003. The method of < 
coupled to a process toe 


[laim 989, wherein the stage and the measurement device are 
1. 


1004. The method 
coupled to a process 
10 consisting of a 


of cllaim 989, wherein the stage and the measurement device are 
toql, and wherein the process tool is selected from the group 
lithography tool and an etch tool 


1005. A system configured to determine at least two properties of a specimen during 
use, comprising: 

1 5 a stage configured to support the specimen during use; 


a measurement device coupled to the stage, comprising: 

\ 

i 

an illumination system configured to direct energy toward a surface of the 
20 specimen during use; and 

a detec ion system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
25 output! signals responsive to the detected energy during use; 


a local processor coupled to the measurement device and configured to at least 
partially process the one or more output signals during use; and 
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a remote controller computer coupled to the local processor, wherein the remote 
controller computer is configured to receive the at least partially processed one or 
more output signkls and to determine a first property and a second property of the 
specimen from tile at least partially processed one or more output signals during 
use, wherein the/first property comprises a critical dimension of the specimen, and 
wherein the second property comprises a presence of defects on the specimen. 

1 006. The system of claim 1 005, wherein the measurement device is selected from the 
group consisting of j non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, a specjroscopic ellipsometer, an ellipsometer, a bright field imaging device, a 
dark field imaging device, a bright field and dark field imaging device, a non-imaging 


bright field device/ a non-imaging dark field device, and a non-imaging bright field and 
dark field device. ( 

1007. The system of claim 1005, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectrosconicr^flectometer, a coherence probe microscope, an ellipsometer, a 
spectrosco^^celjps^eter, a bright field imaging device, a dark field imaging device, a 
bright field andjdaifk field imaging device, a non-imaging bright field device, a non- 
imaging dark field device, and a non-imaging bright field and dark field device. 


1 008, The system of claim 1 005, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
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elements of the first measurement device comprise optical elements of the second 
measurement device. 

1009. The system of claim 1005, wherein the defects comprise micro defects and macro 
5 defects. 

1010. The system of claipi 1005, wherein the defects comprises micro defects or macro 
defects. 


10 1011. The system of claim 1 005, wherein the illumination system is further configured 

I 

to direct energy toward a bottom surface of the specimen during use, wherein the 

I 

detection system is further configured to detect energy propagating from the bottom 


surface of the specimen during use, and wherein the second property further comprises a 

I 

presence of defects on the bottom surface of the specimen. 


1012. The system of claim 1011, wherein the defects comprise macro defects. 


S 1013. The system of plaim 1 005, wherein the remote controller computer is further 

PJ i 

□ configured to determine a third property of the specimen from the at least partially 

H 20 processed one or more output signals during use, and wherein the third property is 

{ 

selected from the o^S^) consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, ahaaroughness of a feature of the specimen. 

/ 

1014. The system^of claim 1013, wherein the system is coupled to a process tool 
25 selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, andean etch tool. 

i/ 
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1015. The system of claim 1005, wherein the illumination system is further configured 
to direct energy to multiple locations on the surface of the specimen substantially 
simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 
simultaneously such that one or more of the at least two properties of the specimen can be 
determined at the multiple locations substantially simultaneously. 

1016. The system of clairi 1005, wherein the remote controller computer is coupled to a 
process tool. 

1017. The system of clairi 1005, wherein the remote controller computer is coupled to a 
process tool, and wherein trie process tool is selected from a group consisting of a 
lithography tool, an etch tool, and a deposition tool. 


1018. The system of claim 1005, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 


parameter of one or more instruments coupled to the process tool in response to the 
determined first or second property using a feedback control technique during use. 


1019. Thesyster 


1005, wherein the remote controller computer is coupled to a 
process tool, and wKerfein the remote controller computer is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to the 
determined first or second property using a feedforward control technique during use. 


1020. The system of clapi 1005, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to monitor 
a parameter of one or more instrument coupled to the process tool during use. 
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1021. The system of clWn 1005, wherein the remote controller computer is coupled to a 
process tool, wherein thememote controller computer is further configured to monitor a 
parameter of one or more instruments coupled to the process tool during use, and wherein 
the remote controller computer is further configured to determine a relationship between 
the determined properties aAd at least one of the monitored parameters during use. 

1 022. The system of claim tt 005, wherein the remote controller computer is coupled to a 
process tool, wherein the remote controller computer is further configured to monitor a 
parameter of one or more instruments coupled to the process tool during use, wherein the 
remote controller computer is further configured to determine a relationship between the 
determined properties and the at least one of the monitored parameters during use, and 


wherein the remote controlle 


• computer is further configured to alter a parameter of at 


least one of the instruments in response to the relationship during use. 


1 023. The system of claim 005, wherein the system and the remote controller computer 
are coupled to a process tool wherein the process tool is configured to perform a step of a 
process, wherein the illWjmti6n system is further configured to direct energy toward the 
surface of the specimen during the process step, wherein the detection system is further 
configured to detect energy/propagating from the surface of the specimen during the 
process step, and wherein the remote controller computer is further configured to 
determine the first and second properties of the specimen during the process step. 


1024. The system of claim 1023, wherein the remote controller computer is further 
configured to obtain a signature characterizing the process step during use, and wherein 
the signature comprises |t least one singularity representative of an end of the process 
step. 
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1025. The system of claim 1023, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to the determined fjrst or second property using an in situ control technique 
during use. 


1026. The system of claim 11005, wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 


move the specimen from the 
use. 


rst process chamber to the second process chamber during 


026 


surface 


1027. The system of claim 1 
to direct energy toward the 
detection system is further con: 
the specimen during said movir 
configured to determine the firs 
moving. 


, wherein the illumination system is further configured 
of the specimen during said moving, wherein the 
figured to detect energy propagating from the surface of 
g, and wherein the remote controller computer is further 
and second properties of the specimen during said 


1028. The system of claim 10|5, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen and 
properties of a plurality of specimens during use. 

1 029. The system of claim 1 005, wherein the remote controller computer is further 

configured to compare at least one of the determined properties of the specimen to a 

I 

predetermined range for the property during use. 

1 030. The system of claim fl 029, wherein the remote controller computer is further 
configured to generate an output signal if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property during use. 
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1031. The system of claim 1 005 , 
configured to alter a sampling freqi 
determined first or second property 


herein the remote controller computer is further 
ency of the measurement device in response to the 
of the specimen during use. 


1032. The system of claim 1005, a /herein the remote controller computer is further 
configured to alter a parameter of o le or more instruments coupled to the measurement 
device in response to the determined first or second property using a feedback control 
technique during use. 

1 033. The system of claim 1 005, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 
device in response to the determin|d first or second property using a feedforward control 
technique during use. 

1034. The system of claim 1005, wherein the remote controller computer is further 
configured to generate a database luring use, wherein the database comprises the 
determined first and second properties of the specimen. 


1035. The system of claim 1034, wherein the remote controller computer is further 

I 

configured to calibrate the measurement device using the database dunng use. 



1036. The system of claim f®M, wherein the remote controller computer is further 
configured to monitor output signals generated by measurement device using the database 
during use. 


1037. The system of claim/l034, wherein the database further comprises first and 
second properties of a plurality of specimens. 
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1038. The system of claim 103^7, wherein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices. 

1 039. The system of claim 103J , wherein the remote controller computer is further 
coupled to the plurality of measurement devices. 

I 

1 040. The system of claim 1 039, wherein the remote controller computer is further 
configured to calibrate the plurality of measurement devices using the database during 

/ 


1041 . The system of claim 1039, wherein the remote controller computer is further 
configured to monitor output si] 
using the database during use.* 


i 

configured to monitor output signals generated by the plurality of measurement devices 


1 042. The system of claim 1 005, wherein the remote controller computer is further 
coupled to a plurality of measurement devices, and wherein each of the plurality of 
measurement devices is coupled to at least one of a plurality of process tools. 



1 043 . The system of ciairtrf^, wherein the remote controller computer is further 
coupled to at least one of tlje plurality of process tools, and wherein the remote controller 
computer is further configured to alter a parameter of one or more instruments coupled to 

at least one of the plurality of process tools during use. 

v 

t 

1044. A method for (^termining at least two properties of a specimen, comprising: 
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disposing the specimen up^n a stage, wherein the stage is coupled to a 
measurement device, and Xherein the measurement device comprises an 
illumination system and a (detection system; 


directing energy toward a 


surface of the specimen using the illumination system; 


detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals in response to the detected energy; and 

processing the one or mc re output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of the specimen, and wherein the second property comprises a presence 
of defects on the specimen, comprising: 


at least partially 
processor, when 
device; 


processing the one or more output signals using a local 
in the local processor is coupled to the measurement 


sending the paiyially processed one or more output signals from the local 
processor to a fbmote controller computer; and 

further processing the partially processed one or more output signals using 
the remote controller computer. 

1045. The method of claim 1044, wherein the measurement device is selected from the 
group consisting of a ndn-imaging scatterometer, a scatterometer, a spectroscopic 
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scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging device, a 
dark field imaging device, a brignt field and dark field imaging device, a non-imaging 
bright field device, a non-imaging dark field device, and a non-imaging bright field and 
dark field device. 

1046. The method of claim 104k wherein the measurement device further comprises at 
least a first measurement device/and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometerJa spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a/coherence probe microscope, an ellipsometer, a 
spectroscopic ellipsometer, a /bright field imaging device, a dark field imaging device, a 
bright field and dark field imaging device, a non-imaging bright field device, a non- 
imaging dark field device, and a non-imaging bright field and dark field device. 

/ 

1047. The method of claim 1044, wherein the measurement device further comprises at 
least a first measurement/device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

1048. The method q^claim 1044, wherein the defects comprise micro defects and macro 
defects. 

1049. The methqjS of claim 1044, wherein the defects comprises micro defects or macro 
defects. 

1050. The m/thod of claim 1044, further comprising: 
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directing energy toward z 


bottom surface of the specimen; and 


detecting energy propagai ing from the bottom surface of the specimen, wherein 
the second property comprises a presence of defects on the bottom surface of the 
specimen. 

1051 . The method of claim 105D, wherein the defects comprise macro defects. 


1052. The method of claim 1044, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 

1053. The method of claim/l052, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


1054. The met 
locations on the 



*aim 1044, further comprising directing energy toward multiple 
the specimen substantially simultaneously and detecting 


energy propagating from/tBemultiple locations substantially simultaneously such that one 
or more of the at least t\yo properties of the specimen can be determined at the multiple 


locations substantially simultaneously. 


1055. The method c/f claim 1044, wherein the remote controller computer is coupled to a 
process tool. 
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1056. The method of claim 1044, wherein the remote controller computer is coupled to a 
process tool, and wherein the process tool is selected from the group consisting of a 
lithography tool, an etch tool, and a deposition tool. 

1057. The method of claim 1044, wherein the remote controller computer is coupled to a 
process tool, the method furtjper comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to the determined first or second property of the specimen using a feedback control 
technique. / 

1058. The method of cla|m 1044, wherein the remote controller computer is coupled to a 

process tool, the method further comprising altering a parameter of one or more 

I 

instruments coupled to the process tool using the remote controller computer in response 

I 

to the determined first or second property of the specimen using a feedforward control 
technique. j 

I 

1059. The method ofjjclaim 1044, wherein the remote controller computer is coupled to a 
process tool, the method further comprising monitoring a parameter of one or more 
instruments coupled to the process tool using the remote controller computer. 

/ 

1 060. '^iom^odjof claimjl 059, further comprising determining a relationship between 
the determined pt^gertigs^and the monitored parameters using the remote controller 
computer. 


1061. The method of claim 1 060, further comprising altering a parameter of at least one 
/ 

of the instruments in response to the relationship using the remote controller computer. 


/ 
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1062. The method of claim 1044, wherein the illumination system and the detection 
system are coupled to a process chamber of the process tool, the method further 
comprising performing said directing and said detecting during a process step. 

1063. The method of claim 10621 further comprising obtaining a signature 
characterizing the process step using the remote controller computer, wherein the 
signature comprises at least one singularity representative of an end of the process step. 


1064. The method of claim 1062, further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to the determined first or second property using an in situ control technique. 


1065. The method of claim 1/044, further comprising: 

moving the specimen/from a first process chamber to a second process chamber 
using the stage; J 

I 

performing said directing and said detecting during said moving the specimen. 


1066. The method of clajm 1044, further comprising comparing at least one of the 
determined property of the specimen and determined properties of a plurality of 
specimens using me pemstexontroller computer. 


1067. The method offclaim 1044, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property using the 
remote controller computer. 
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1068. The method of claim 1067, further comprising generating an output signal using 
the remote controller computer if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property. 


1069. The method of claim 1044, wherein the remote controller computer is coupled to 
the measurement device. 

1070. The method of claim 1069,|further comprising altering a sampling frequency of 
the measurement device using the remote controller computer in response to the 
determined first or second property of the specimen. 


1071 . The method of claim 1069| further comprising altering a parameter of one or more 

j 

instruments coupled to the measurement device using the remote controller computer in 
response to the determined first or second property using a feedback control technique. 


1072. The method of claim 1069, further comprising altering a parameter of one or more 

J 

instruments coupled to the measurement device using the remote controller computer in 
response to the determined first or second property using a feedforward control technique. 


1073. The method of claim 1044, further comprising generating a database using the 
remote controller com^iter/^ieTein the database comprises the determined first and 
second properties of th\ 



1074. The method of claim 1073, further comprising calibrating the measurement device 
using the database and the remote controller computer. 


1075. The method of claim 1073, further comprising monitoring output signals of the 
measurement device using the database and the remote controller computer. 
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1076. The method of claim 1073, wherein the database further comprises first and 
second properties of a plurality of specimens. 


ime 


1077. The method of claim 1076, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 


1078. The method of claim 1077, further comprising calibrating the plurality of 
measurement devices using the datal^se and the remote controller computer. 

1079. The method of claim 1077, further comprising monitoring output signals of the 

] 

plurality of measurement devices using the database and the remote controller computer. 


1 080. The method of claim 1 044 /further comprising sending the at least partially 

processed one or more output signals from a plurality of local processors to the remote 

j 

controller computer, wherein each of the plurality of local processors is coupled to one of 

/ 

a plurality of measurement devices. 


1 08 1 . The method of clain^O^O^herein each of the plurality of measurement devices 
is coupled to at least one of a p^luralityftf process tools. 


1 082. Thejnetb^'^f claim jl 08 1 , further comprising altering a parameter of one or more 

o at least one of the plurality of process tools using the remote 
\ / 

response to the determined first or second property of the 


\d to determine at least two properties of a specimen during 
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10 


15 


a stage configured to subport the specimen during use; 


a measurement device coupled to the stage, comprising: 


an illumination 
specimen durinj 


system configured to direct energy toward a surface of the 
use: and 


a detection system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals in response to the detected energy during use; and 

a processor coupled to the measurement device and configured to determine a first 
property and a second Jroperty of the specimen from the one or more output 
signals during use, wherein the first property comprises a critical dimension of the 


specimen, and wherein 
the specimen. 


the second property comprises a thin film characteristic of 


20 1 084. The system of claim lp83, wherein the stage is further configured to move 
laterally during usej 


25 



1085. The system of claim/ 1083, wherein the stage is further configured to move 
rotatably during use. 


1086. The system of claim 1083, wherein the stage is further configured to move 
laterally and rotatably during use. 


/ 
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1087. The system of claim 1083, wheryin the illumination system comprises a single 
energy source. 


1088. The system of claim 1083, wherein the illumination system comprises more than 
one energy source. 


whe rein the detection system comprises a single energy 


1089. The system of claim 1083, 
sensitive device. 


1 090. The system of claim 1 083, whf rein the detection system comprises more than one 
energy sensitive devices. 


1 091 . The system of claim 1 083, wherein the measurement device further comprises a 
non-imaging scatterometer. 


1 092. The system of claim 1 083, v^herein the measurement device further comprises a 
scatterometer. 

1093. The system of claim A 083, xvhei^in the measurement device further comprises a 
spectroscopic scatterometer.N^J^ \ 

1094. The system of claim 1083' wherein the measurement device further comprises a 
reflectometer. 


1095. The system of claim 1083, wherein the measurement device further comprises a 
spectroscopic reflectometer. 
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1096. The system of claim 1083, wherein the measurement device further comprises a 
coherence probe microscope. 


10 1099. The system of claim 1083, w 
bright field and dark field imaging d 


15 


1097. The system of claim 1083, wherein the measurement device further comprises a 
5 bright field imaging device, 

1098. The system of claim 1083, wjierein the measurement device further comprises a 
dark field imaging device. 


lerein the measurement device further comprises a 
vice. 


1 100. The system of claim 1083, wherein the measurement device further comprises an 

i 

ellipsometer. | 


1101. The system of claim 1083, wherein the measurement device further comprises a 

)■ 

spectroscopic ellipsometer. |i 

t 

1 102. The system of claim 1083, jwherein the measurement device further comprises a 
20 dual beam spectrophotometer. 


25 



herein the measurement device further comprises a 


1103. The system of claim 
beam profile ellipsometer. 


1 104. The system of claim 10^3, wherein the measurement device further comprises at 
least a first measurement devic'e and a second measurement device, and wherein the first 


and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
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10 


spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright f eld and dark field imaging device, an ellipsometer, 
a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam profile 
ellipsometer, a photo-acoustic device, and a grating X-ray reflectometer. 

1 105. The system of claim 1083, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement deyice comprise optical elements of the second 
measurement device. 

1 1 06. The system of claim 1 083, wherein the illumination system and the detection 
system comprise non-optical components, and wherein the detected energy is responsive 
to a non-optical characteristic of the Isurface of the specimen. 


15 1 107. The system of claim 1083, Wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer. 


20 


25 


1 108. The system of claim laS^v^herein the measurement device further comprises at 
least an eddy current device aid a spectroscopic ellipsometer, and wherein the system is 
coupled to an atomic layer deposition tool^ 


1 1 09. The system of claim 1083, ^herein the processor is further configured to 
determine a third property of the specimen from the one or more output signals during 
use, and wherein the third property! is selected from the group consisting of a roughness of 
the specimen, a roughness of a Wer on the specimen, and a roughness of a feature of the 
specimen. 
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1110. The system of claim 1 1 09, wherein the system is coupled to a process tool 
selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etch tool. j 

5 1111. The system of claim 1083, wherein the system is further configured to determine 
at least the two properties of the specimen substantially simultaneously during use. 

1112. The system of claim 1083, wherein the illumination system is further configured 

to direct energy to multiple locations on the surface of the specimen substantially 

10 simultaneously, and wherein the detection system is further configured to detect energy 

j 

propagating from the multiple locations on the surface of the specimen substantially 

J 

O simultaneously such that one or more of the at least two properties of the specimen can be 

u3 I 

J determined at the multiple locations substantially simultaneously. 


CP 

Mil 


15 1113. The system of claim 1083, wherein the system is coupled to a process tool. 


* 1114. The system of claim 1083, wherein the system is coupled to a process tool, and 

C3 I 

wherein the system is disposed within the process tool. 

I A 

W' 20 1115. The system of claidf 1083,|5vherein the system is coupled to a process tool, and 
wherein the system is arran^Siaterffly proximate to the process tool. 

/ / 

1116. The system of claim 1083 /wherein the system is coupled to a process tool, and 
wherein the process tool comprises a wafer handler configured to move the specimen to 
25 the stage during use. 
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1117. The system of claim 1083, wherein the system is coupled to a process tool, and 
wherein the stage is configured to |nove the specimen from the system to the process tool 
during use. 


1118. The system of claim 10831, wherein the system is coupled to a process tool, and 
wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 


1119. The system of claim 1083, wherein the system is coupled to a process tool, 
wherein the process tool comprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the support device is substantially 
parallel to an upper surface ofjthe stage. 


1 120. The system of claim 1083, wherein the system is coupled to a process tool, 

I 

wherein the process tool comprises a support device configured to support the specimen 

I 

during a process step, and wherein an upper surface of the stage is angled with respect to 

I 

an upper surface of the support device. 


1121. The system of claim I 083, wherein the system is coupled to a process tool, and 
wherein the process to&l-iiselected from the group consisting of a lithography tool, an 
etch tool, and a depj^itionTOol. 

1 122. The system of claim 1083, wherein the system comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber/ and wherein the measurement chamber is coupled to a process 
tool. 
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1 123. The system of claim 1083, wherein the system comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is disposed within a 


process tool. 

1 1 24. The system of claim 1 08 
chamber, wherein the stage and t 


, wherein the system comprises a measurement 
le measurement device are disposed within the 


measurement chamber, and wherein the measurement chamber is arranged laterally 


proximate to a process chamber 


3f a process tool. 


1125. The system of claim 1 083, wherein the system comprises a measurement 

I 

chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is arranged vertically 


proximate to a process chamber 


of is process tool. 


1 1 26. The system of claim 1083, wherein a process tool comprises a process chamber, 
wherein the stage is disposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 


1 127. The system of claim V1^6>Avherein the processor is further configured to 
determine at least the two ri^perties\of the specimen during the process step. 


1 128. The system of claim 1 127, wherein the processor is further configured to obtain a 
signature characterizing the process step during use, and wherein the signature comprises 
at least one singularity representative of an end of the process step. 


1 129. The system of clain/l 127, wherein the processor is coupled to the process tool 


and is further configured to alter a parameter of one or more instruments coupled to the 
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process tool in response to the determined properties using an in situ control technique 
during use. 


he 


1 130. The system of claim 1083, wherein a process tool comprises a first process 
chamber and a second process champer, and wherein the stage is further configured to 
move the specimen from the first prpcess chamber to the second process chamber during 
use. 

1131. The system of claim 1 1 30, |vherein the system is further configured to determine 
at least the two properties of the specimen as the stage is moving the specimen from the 

5 

first process chamber to the second process chamber. 

1 132. The system of claim lOSS^wherem the processor is further configured to compare 
at least one of the determined properties of the specimen and properties of a plurality of 
specimens during use. j 

i 

1133. The system of claim 1 083| wherein the processor is further configured to compare 
at least one of the determined properties of the specimen to a predetermined range for the 
property during use. 

1 1 34. The system of claim 1 183, wherein the processor is further configured to generate 
an output signal if at least^n^/of the determined properties of the specimen is outside of 
the predetermined rang/ for thf property during use. 



1 135. The system of claim 1083, wherein the processor is further configured to alter a 

sampling frequency of the measurement device in response to the determined first or 

/ 

second property of the specimen during use. 
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1 1 36. The system of claim 1 083, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
the determined first or second property using a feedback control technique during use. 

I 
i 

5 1 137. The system of claim 108^3, wherein the processor is further configured to alter a 
parameter of one or more instninents coupled to the measurement device in response to 
the determined first or second j roperty using a feedforward control technique during use. 

1138. The system of claim 1083, wherein the processor is further configured to generate 
10 a database during use, wherein the database comprises the determined first and second 
properties of the specimen. j 

i / 

y3 1139. The system of claim 3138, wherein the processor is further configured to calibrate 


the measurement device usiiig the database during use 


15 


1140. The system of claim! 1139, wherein the processor is further configured to monitor 
output signals generated byimeasurement device using the database during use. 


1 


141. The system of clai^n 1139, wherein the database further comprises first and 



1 1 42. The systeih of clki^lUl , wherein the first and second properties of the plurality 
of specimens are determined using the measurement device. 


25 1143. The system of claim 1 1 4 1 , wherein the first and second properties of the plurality 
of specimens aie determined using a plurality of measurement devices. 
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1 144. The system of claim 1 143, wherein the processor is further coupled to the plurality 
of measurement devices. 


1 145. The system of claim 1 144, wherein the processor is further configured to calibrate 
the plurality of measurement devices/using the database during use. 

1 146. The system of claim 1 144, wherein the processor is further configured to monitor 
output signals generated by the plurality of measurement devices using the database 
during use. 


1 147. The system of claim 1083, jfurther comprising a stand alone system coupled to the 
system, wherein the stand alone system is configured to be calibrated with a calibration 
standard during use, and wherein {he stand alone system is further configured to calibrate 
the system during use. ( 


1 148. The system of claim 1083;, further comprising a stand alone system coupled the 
system and at least one additional system, wherein the stand alone system is configured to 
be calibrated with a calibration standard during use, and wherein the stand alone system is 
further configured to calibrate thfe system and at least the one additional system during 
use. 



3 K 


1 149. The system of claim 1083, wherein the system is further configured to determine 

I 

at least the two properties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a/wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of the determined properties of the specimen at the more than one position on 
the specimen to reduce wjimin wafer variation of at least one of the determined properties. 
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1 1 50. The system of claim 1 083, wherein the processor is further coupled to a process 
tool. 

1151. The system of claim 1 1 50, wherein the processor is further configured to alter a 
parameter of one or more instrume its coupled to the process tool in response to the 
determined first or second proper*} using a feedback control technique during use. 


1 152. The system of claim 1 150, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to the 
10 determined first or second property using a feedforward control technique during use. 


1 153 The system of claim 1 150, wherein the processor is further configured to monitor 
n a parameter of one or more instruments coupled to the process tool during use. 


Ft 


15 1154. The system of claim 1 153, wherein the processor is further configured to 

determine a relationship between the determined properties and the monitored parameters 


during use. »' 

I 


1 155. The system of claim 1 154, wherein the processor is further configured to alter a 
Q 20 parameter of one or more instalments coupled to the process tool in response to the 

relationship during use. I 

/ 

1 156. The system of daun/1083, wherein the processor is further coupled to a plurality 
of measurement devifces, ajSdwl^erein each of the plurality of measurement devices is 

25 coupled to at least one of a plurality of process tools. 


1 157. The system of claim 1083, wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 
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processor, wherein the local processor is configured to at least partially process the one or 
more output signals during use, and wherein the remote controller computer is configured 
to further process the at least partially processed one or more output signals during use. 


5 1158. The system of claim 1 
determine the first property atfid 


157, wherein the local processor is further configured to 
the second property of the specimen during use. 


1 1 59. The system of claim 1 1 57, wherein the remote controller computer is further 
configured to determine the first property and the second property of the specimen during 


10 use. 


o 

J3; 

t S3 

U 1 

\a 
01 


15 


1 1 60. A method for determining at least two properties of a specimen, comprising: 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device} and wherein the measurement device comprises an 
illumination system [and a detection system; 


20 


25 


directing energy toward a surface of the specimen using the illumination system; 


detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals in response to the detected energy; and 



processing the *iki£j3^ore output signals to determine a first property and a 
second propert^ of the specimen, wherein the first property comprises a critical 
dimension of me specimen, and wherein the second property comprises a thin film 
characteristic/ of the specimen. 
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1161. The method of claim 1 160, further comprising laterally moving the stage during 
said directing energy and said detecting energy. 

5 1 162. The method of claim 1 1 60, further comprising rotatably moving the stage during 
said directing enengy and said detecting energy. 

1 1 63. The method^of claim 1 1 60, further comprising laterally and rotatably moving the 


stage during said directing energy and said detecting energy. 


10 

1 164. The method df claim 1 160, wherein the illumination system comprises a single 

\ 

Q energy source. \ 

J 1 1 11 65. The method of jclaim 1 1 60, wherein the illumination system comprises more than 

Jp 1 5 one energy source. 


ft** i 
w I 

L. 1 166. The method of claim 1 160, wherein the detection system comprises a single 

P t 

yy energy sensitive device] 

w I 


20 1 1 67. The methad^oT^lami 1 160, wherein the detection system comprises more than one 


energy sensitive dtevices 



1 168. The method of claim 1 160, wherein the measurement device further comprises a 
non-imaging scatteromlter. 

1 169. The method of Jclaim 1 160, wherein the measurement device further comprises a 
scatterometer. y 
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# 


1 1 70. The method of claim 1 1 60, wherein the measurement device further comprises a 
spectroscopic scatterometer. 

1171. The method of claim 1 1 60, wherein the measurement device further comprises a 
5 reflectometer. 


1 1 72. The method of claim 1 1 60, wherein the measurement device further comprises a 
spectroscopic reflectometer. 1 


10 1 173. The method of claim II 160, wherein the measurement device further comprises a 
coherence probe microscope.! 


UT 

k. E 

01 


ry 

fa, 


15 


1 174. The method of claim |l60, wherein the measurement device further comprises a 
bright field imaging device. 


1 1 75. The method of claim 1 
dark field imaging device. 


1176. The method o 
20 bright field and dark 


60, wherein the measurement device further comprises a 



60, wherein the measurement device further comprises a 
device. 


1 177. The method of claim ljl60, wherein the measurement device further comprises an 
ellipsometer. 


25 1178. The method of claim/ 1 1 60, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 
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1 179. The method of claim 1 1 60, wherein the measurement device further comprises a 
dual beam spectrophotometer. 

1 1 80. The method of claim 1 1 60, wherein the measurement device further comprises a 

6 
i 

beam profile ellipsometer. 

1181. The method of claim 1 1 60, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright field and dark field imaging device, an ellipsometer, 
a spectroscopic ellipsometer] a dual beam spectrophotometer, a beam profile 

i' 

ellipsometer, a photo-acoustic device, and a grating X-ray reflectometer. 


1 182. The method of claimj 1 160, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first lp^Ssur^nent device comprise optical elements of the second 
measurement device 


1 183. The method of claim 1 160, wherein the measurement device comprises non- 
optical components, and wherein detecting energy comprises measuring a non-optical 

I 

characteristic of the surface of the specimen. 

/ 

1 1 84. The method of claim 1 1 60, wherein the measurement device further comprises at 

/■' 

least an eddy current device and a spectroscopic ellipsometer. 
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# 


1185. The method of claim 1 1 60, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer, and wherein the 
measurement device is further coupled to an atomic layer deposition tool. 


1 1 86. The method of claim 1 1 60 Jfurther comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 


selected from the group consisting 


of a roughness of the specimen, a roughness of a layer 


on the specimen, and a roughness [of a feature of the specimen. 

i 
j 

j 

10 1187. The method of claim 1 1 86, wherein the stage and the measurement device are 
coupled to a process tool selectedlfrom the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

i 

i 

1188. The method of claim 1 1 60, wherein processing the one or more output signals to 
1 5 determine the first and second properties of the specimen comprises substantially 

simultaneously determining the first and second properties of the specimen. 

1189. The method of claim 1 1 60, further comprising directing energy toward multiple 
locations on the surface p#tK^?ecimen substantially simultaneously and detecting 

20 energy propagating froX the multiple locations substantially simultaneously such that one 
or more of the at least tw^pr^Wes of the specimen can be determined at the multiple 
locations substantially simultaneously. 

I 

1 1 90. The method of claim/ 1 1 60, wherein the stage and the measurement device are 
25 coupled to a process tool. 
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1191. The method of claim 1 1 60, wherein the stage and the measurement device are 
coupled to a process tool, andlwherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 

1 192. The method of claim 1 160, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tool. 

1 193. The method of claim 1 160, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, and a deposition tool. 


1 194. The method of claim 1 lj50, wherein the stage and the measurement device are 

coupled to a process tool, wherein the process tool comprises a wafer handler, and 

i 

wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to the stage using llhe wafer handler. 

1 195. The method of claim 1 160, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising moving the specimen to the 
process tool subsequent to^n^directing and said detecting using the stage. 



/ 

1 196. The method of claimh^pSJVherein the stage and the measurement device are 


properties of the specimen j 


coupled to a process tool, thfe method- further comprising determining at least the two 

lile the specimen is waiting between process steps. 


1 1 97. The method of cl^m4 1 60, wherein the stage and the measurement device are 
coupled to a process tool,/wherein the process tool comprises a support device configured 
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to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 


1198. The method of clafim 
coupled to a process tool, 
to support the specimen 
is angled with respect to 


1 160, wherein the stage and the measurement device are 
wherein the process tool comprises a support device configured 
enuring a process step, and wherein an upper surface of the stage 
upper surface of the support device. 


an 


1 199. The method of claim 1 160, wherein the stage and the measurement device are 

) 

disposed within a measurt 
coupled to a process tool 


disposed within a measurement chamber, and wherein the measurement chamber is 

ill 


1200. The method of cfeim 1 160, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
disposed within the process tool. 

1201 . The methodpf claipi 1 1 60, wherein the stage and the measurement device are 
disposed within a meXsurenfe^t chamber, and wherein the measurement chamber is 


arranged laterally proxi 



a process chamber of the process tool. 


1202. The method of /claim 1 160, wherein the stage and the measurement device are 

t 

disposed within a measurement chamber, and wherein the measurement chamber is 

f 

arranged vertically proximate to a process chamber of the process tool. 

i 

1203. The method(of claim 1 160, wherein disposing the specimen upon the stage 
comprises disposing the specimen upon a support device disposed within a process 
chamber of a procjess tool, and wherein the support device is configured to support the 
specimen duringpprocess step. 
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1204. The method of claim 1203, 
detecting during the process step. 


further comprising performing said directing and said 


1205. The method of claim 1204,|further comprising obtaining a signature 
characterizing the process step, wherein the signature comprises at least one singularity 
representative of an end of the process step. 


1206. The method of claim 1204, further comprising altering a parameter of one or more 
10 instrument coupled to the process tool in response to at least one of the determined 
properties using an in situ control technique. 


15 


1207. The method of claim 1 160, further comprising moving the specimen from a first 

I 

process chamber to a second process chamber using the stage, wherein the first process 

I 

chamber and the second process chamber are disposed within a process tool. 


20 


1208. The method of claim 1207, further comprising performing said directing and said 
detecting during s 
process chamber. 


detecting during said movii^gmp specimen from the first process chamber to the second 


1 209. The method of claim' 1 1 60, further comprising comparing at least one of the 

/ 

determined properties of the specimen and determined properties of a plurality of 
specimens. 


25 1210. The method of claim 1 160, further comprising comparing at least one of the 

I 

determined properties of the specimen to a predetermined range for the property. 
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1211. The method of claim 1210, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 

1212. The method of claim 1 160, 
the measurement device in respons< 
specimen. i 

1213. The method of claim 1 1 60| further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to the determined first or 

second property using a feedbackjcontrol technique. 

f 
i 

1214. The method of claim 1 160, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to the determined first or 
second property using a feedforward control technique. 

a 

1215. The method of claim 1 1 60, further comprising generating a database, wherein the 

database comprises the determined first and second properties of the specimen. 

j 

1216. The method of claim 1215, further comprising calibrating the measurement device 
using the database. ^^^^ 

1217. The method of claim 1215, further comprising monitoring output signals of the 
measurement device using the database. 

/ 

1218. The method^f claim 1215, wherein the database further comprises first and 
second properties of a plurality of specimens. 

/ 


ler comprising altering a sampling frequency of 
to the determined first or second properties of the 
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1219. The method of claim 1218, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 


er comprising calibrating the plurality of 


1220. The method of claim 1219, furtt 
measurement devices using the databas ; 


1221. The method of claim 1219, further comprising monitoring output signals of the 
plurality of measurement devices using the database. 


1222. The method of claim 1 160, wherein a stand alone system is coupled to the 

j 

measurement device, the method further comprising calibrating the stand alone system 

j 

with a calibration standard and calibrating the measurement device with the stand alone 
system. j 

i 

1223. The method of claim 1 160jwherein a stand alone system is coupled to the 
measurement device and at least one additional measurement device, the method further 
comprising calibrating the stand alone system with a calibration standard and calibrating 

the measurement device an at least the one additional measurement device with the stand 

> 

alone system. f *\ \ 



1224. The method of claim 1 160, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer jthe method further comprising altering at least one 

parameter of one or more instruments coupled to a process tool in response to at least one 

jl 

of the determined properties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 
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1225. The method of claim 1 1 60, further comprising altering a parameter of one or more 


instruments coupled to a process 
property of the specimen using a 


tool in response to the determined first or second 
feedback control technique. 


5 1 226. The method of claim 1 1 60, further comprising altering a parameter of one or more 


instruments coupled to a process 
property of the specimen using a 


tool in response to the determined first or second 
feedforward control technique. 


1227. The method of claim 1 160, further comprising monitoring a parameter of one or 

I 

10 more instruments coupled to a process tool. 

f 

! 

1228. The method of claim 1227, further comprising determining a relationship between 
the determined properties and the monitored parameters. 


01 1 5 1229. The method of claim 1228, further comprising altering a parameter of at least one 


of the instruments in response to the relationship. 


fy 1 230. The method of claim/ 1 1 60, further comprising altering a parameter of one or more 

instrument coupled to a plurality of process tools in response to the determined first or 


20 second property of tl^^p^^ner^^ 

123 1 . The method of claim 1 160, wherein processing the one or more output signals 

I 


comprises: 


25 at least partiallyfprocessing the one or more output signals using a local processor, 

wherein the local processor is coupled to the measurement device; 
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sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 

further processing the partially processed one or more output signals using the 
remote controller computer. 

1232. The method of claim 1*23 1 , wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 

1233. The method of claim! 1231, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 

1234. A computer-implemented method for controlling a system configured to 
determine at least two properties of a specimen during use, wherein the system comprises 
a measurement device, comprising: 

controlling the measurement device, wherein the measurement device comprises 
an illumination system and a detection system, and wherein the measurement 



controlling the illumination system to direct energy toward a surface of the 


specimen; 


controlling the detection system to detect energy propagating from the 
surface of the specimen; and 
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generating one or more output signals responsive to the detected energy; 
and 


processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of the specimen, and wherein the second property comprises a thin film 
characteristic of the specimen. 


1235. The method of claim 1234, further comprising controlling the stage, wherein the 
stage is configured to support the specimen. 

1236. The method of claim 1234, further comprising controlling the stage to move 
laterally during said directing energy and said detecting energy. 

1237. The method of claim 1234, further comprising controlling the stage to move 
rotatably during said directing energy and said detecting energy. 

1238. The method of claim 1234, further comprising controlling the stage to move 
laterally and rotatably during said directing energy and said detecting energy. 

1239. The metho^R^ the illumination system comprises a single 
energy source. 

1240. The method of claim 1234, wherein the illumination system comprises more than 
one energy source. 

1241. The method of claim 1234, wherein the detection system comprises a single 
energy sensitive device. 
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1 242. The method of claim .1 234, wherein the detection system comprises more than one 
energy sensitive devices. 


1 243 . The method of claim 
non-imaging scatterometer. 

1 244. The method of claim 
scatterometer. 


1234, wherein the measurement device further comprises a 


1234, wherein the measurement device further comprises a 


1245 The method of claim 1234, wherein the measurement device further comprises a 

i 

spectroscopic scatterometer!; 


1 246. The method of claim 1 234, wherein the measurement device further comprises a 
reflectometer. 


1 247. The method of claim 1 234, wherein the measurement device further comprises a 
spectroscopic reflectometer. 

1248. The methcWopc?Mm 1234, wherein the measurement device further comprises a 
coherence probe microscoper 


1249. The method of/claim 1234, wherein the measurement device further comprises a 
bright field imaging device. 


1 250 The method^of claim 1234, wherein the measurement device further comprises a 
/ 

dark field imagingdevice. 


■ 
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1251. The method of claim 1 234, wherein the measurement device further comprises a 
bright field and dark field imaging device. 

1 252. The method of claim 1 23 4, wherein the measurement device further comprises an 
ellipsometer. 

1253. The method of claim 1234, wherein the measurement device further comprises a 
spectroscopic ellipsometer. j 

1254. The method of claim 1234, wherein the measurement device further comprises a 

j 

dual beam spectrophotometer. Jj 


1255. The method of claim 1 234, wherein the measurement device further comprises a 
beam profile ellipsometer. j; 


1256. The method of claim 1234, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectojaaetej^a coherence probe microscope, a bright field imaging device, 
a dark field imaging xicjd^faJarig frtfield and dark field imaging device, an ellipsometer, 
a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam profile 
ellipsometer, a photo-acoustic device, and a grazing X-ray reflectometer. 

1257. The method of claim 1234, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. / 
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1258. The method of claim 1234, wherein the measurement device further comprises 
non-optical components, and wherein controlling the detection system to detect energy 
comprises controlling the non-optical components to measure a non-optical characteristic 
of the surface of the specimen.! 


1 259. The method of claim 1234, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer. 


1 260. The method of claim 1234, wherein the measurement device further composes at 

I 

least an eddy current device and a spectroscopic ellipsometer, and wherein the system is 
coupled to an atomic layer deposition tool. 

1261. The method of claim 1234, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 

1 262. The method of claim 1261, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool ji^leaning tool, and an etch tool. 

1263. The method of claim 1234, wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 


1264. The method of/claim 1234, further comprising controlling the illumination system 


to direct energy towajcl multiple locations on the surface of the specimen substantially 
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simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that one or more of the at least two 

properties of the specimen can jbe determined at the multiple locations substantially 

j 

simultaneously. j 

j 

1265. The method of claim/1234, wherein the stage and the measurement device are 
coupled to a process tool. 

1 266. The method of claim 1234, wherein the stage and the measurement device are 
coupled to a process tool, [and wherein the stage and the measurement device are arranged 
laterally proximate to thelprocess tool. 

1267. The method of claim 1234, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tool. 

;f 

1 268. The method of claim 1 234, wherein the stage and the measurement device are 

fi 

coupled to a process topi, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, and a deposition tool. 

a 

1 269. The mdHRNtf claim 1 234, wherein the stage and the measurement device are 
coupled to a plocess jtribl, the/method further comprising controlling a wafer handler to 
move the specime*ri¥o^ne process tool to the stage, and wherein the wafer handler is 
coupled to the process tool. 

1 270. The method of claim 1 234, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling the stage to move the 
specimen from the system to the process tool. 
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1271. The method of claim 1234, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage such that at least the two properties 
of the specimen can be determinea while the specimen is waiting between process steps. 

1272. The method of claim 1234 , wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 

1273. The method of claim 1234, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 

1 274. The method of claim 123,4, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 

1 275. The method pf claimSl 234 /wherein the stage and the measurement device are 
disposed within a mea^j^|ei^hamber, and wherein the measurement chamber is 
disposed within the process tool. 


1276. The method of claim 1234, wherein the stage and the measurement device are 

disposed within a measurement chamber, and wherein the measurement chamber is 

/ 

arranged laterally proximate to a process chamber of the process tool. 
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1277. The method of claim 1234, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of the process tool. 

5 1278. The method of claim 1234, further comprising disposing the specimen upon a 
support device disposed within a procjess chamber of a process tool, and wherein the 
support device is configured to support the specimen during a process step. 


1279. The method of claim 1278, further comprising controlling the illumination system 
1 0 and controlling the detection system during the process step. 


i is 


1280. The method of claim 1279, further comprising controlling the system to obtain a 

j 

signature characterizing the process step, wherein the signature comprises at least one 
singularity representative of an end of the process step. 

1281. The method of claim 1279, further comprising controlling the system to alter a 
parameter of one or more instruments coupled to the process tool in response to the 
determined properties using an in situ control technique. 


20 1282. The method of claim 1234, Wther comprising controlling the stage to move the 
specimen from a first process chamoemo a second process chamber, wherein the first 
process chamber and the secon^predess chamber are disposed within a process tool. 

1283. The method of claim 1282, further comprising controlling the illumination system 
25 and controlling the detection system during said moving the specimen from the first 


process chamber to the second process chamber. 

// 
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1284. The method of claim 1234, 
determined properties of the specimen 
specimens. 


\xrther comprising comparing at least one of the 
and determined properties of a plurality of 


1285. The method of claim 1234, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 

1286 The method of claim 1285, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. ; 

1 287. The method of claim 1 234, further comprising altering a sampling frequency of 

i. 

the measurement device in response to the determined first or second property of the 

I 
i 

specimen. ' 

1288. The method of claim 1 234, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to the determined first or 
second property using a feedback control technique. 


234; further comprising altering a parameter of one or more 



J 


1289. The method of 

instruments coupled t\the measurement device in response to the determined first or 
second property using a feedforward control technique. 


1 290. The method of claim 1 234, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen. 

v 

■/ 

1291. The method of claim 1 290, further comprising calibrating the measurement device 
using the database. J 
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1292. The method of claim 1290, further comprising monitoring output signals of the 
measurement device using the da1 abase. 

1293. The method of claim 129D, wherein the database further comprises first and 
second properties of a plurality of specimens. 


1294. The method of claim 1293, wherein the first and second properties of the plurality 


T 


of specimens are generated using a plurality of measurement devices. 


1295. The method of claim 1294, further comprising calibrating the plurality of 
measurement devices using thk database. 


1296. The method of claim 1294, further comprising monitoring output signals of the 

plurality of measurement devices using the database. 

/ 
/ 

1297. The method of claim 1 234, wherein a stand alone system is coupled to the system, 
the method further C0fnpri§mg controlling the stand alone system to calibrate the stand 
alone system with alcalibratiop standard and further controlling the stand alone system to 
calibrate the system. 


1298. The method of claim 1234, wherein a stand alone system is coupled to the system 
and at least one additional system, the method further comprising controlling the stand 
alone system to calibrate the stand alone system with a calibration standard and further 
controlling the stand /lone system to calibrate the system and at least the one additional 
system. 
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1299. The method of claim 1234, wherein the system is further configured to determine 
at least the two properties of the specinien at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
one parameter of one or more instruments coupled to a process tool in response to at least 
one of the determined properties of thl specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 

1300. The method of claim 1234, farther comprising altering a parameter of one or more 
instruments coupled to a process tool in response to the determined first or second 
property of the specimen using a feedback control technique. 


1301. The method of claim 1234. further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to the determined first or second 
property of the specimen using a feedforward control technique. 

1302. The method of claim 1234, further comprising monitoring a parameter of one or 
more instruments coupled to the process tool. 

1 303. The method of claim 1302, further comprising determining a relationship between 
the determined properties and the monitored parameters. 


1 304. The method ^daimJ 303, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 

/ 


1 305 . The method o^claim 1 234, further comprising altering a parameter of one or more 
instruments coupledfo a plurality of process tools in response to the determined first or 
second property of the specimen. 
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1306. The method of claim 1234, wherein processing the one or more output signals 
comprises: I j 


at least partially processing the 
wherein the local processor is 


one or more output signals using a local processor, 
upled to the measurement device; 


o 


sending the partially processed one or more output signals from the local 

S 

processor to a remote controller computer; and 


further processing the partially processed one or more output signals using the 
remote controller computer. 

1307. The method of claim 1306, wherein at least partially processing the one or more 

5 

output signals comprises determining the first and second properties of the specimen. 

1308. The method of claim 1306, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 


1 309. A semiconductor device fabricated by a method, the method comprising: 

i 

forming a portion of {the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 
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detecting energy propagatjjng from the surface of the specimen using the detection 
system; 

generating one or more output signals in response to the detected energy; and 

processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 
dimension of the specimen, and wherein the second property comprises a thin film 
characteristic of the specimen. 

1310. The device of claim 1 3p9, wherein the illumination system comprises a single 
energy source. 


1311. The device of claim 1 309, wherein the illumination system comprises more than 
one energy source. / 


1312. The device of claim '1 309, wherein the detection system comprises a single energy 
sensitive device. 

1313. The device of claim 1 309, wherein the detection system comprises more than one 
energy sensitive devices; 


1314. The device W clairml 309; wherein the measurement device is selected from the 

j 

group consisting of a hon-imad-ng scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectomefter, a spectroscopic reflectometer, a coherence probe 
microscope, a bright field imaging device, a dark field imaging device, a bright field and 
dark field imaging/device, an ellipsometer, a spectroscopic ellipsometer, a dual beam 


Page 484 Conley, Rose & Tayon 


spectrophotometer, a beam profile ellipsometer, a photo-acoustic device, and a grazing X- 
ray reflectometer. 

1315. The device of claim 1 309, wherein the measurement device comprises at least a 
5 first measurement device and a secpnd measurement device, and wherein the first and 

second measurement devices are Selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright field and dark field imaging device, an ellipsometer, 
10 a spectroscopic ellipsometer, a/dual beam spectrophotometer, a beam profile 
ellipsometer, a photo-acoustic/device, and a grazing X-ray reflectometer. 

1316. The device of claim 1*309, wherein the measurement device comprises at least a 


^ first measurement device anil a second measurement device, and wherein optical 


1 5 elements of the first measurement device comprise optical elements of the second 

if 

a 
t 


measurement device. ■ 


1317 The device of claim 1 309, wherein the measurement device further comprises 

i 

non-optical components; and wherein detecting energy comprises measuring a non- 


20 optical characteristic^ the surface of the specimen. 



1318. The desrice offclai|n 130% wherein the measurement device further comprises at 

least an eddy current' dev\^eapa a spectroscopic ellipsometer. 

/ 

/ 

25 1319 The device of claim 1 309, wherein the measurement device further compnses at 

/ 

least an eddy current device and a spectroscopic ellipsometer, and wherein the 
measurement device is further coupled to an atomic layer deposition tool. 


/ 
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1320. The device of claim 1309, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughnes's of a feature of the specimen. 


1321. The device of claim 1320, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, i cleaning tool, and an etch tool. 

| 

1322. The device of claim 1009, wherein the stage and the measurement device are 

coupled to a process tool. ! 

i 

i 
f 

1 323. The device of claim; 1 309, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography; tool, an etch tool, and a deposition tool. 


1324. A method for fabricating a semiconductor device, comprising: 

\ 

forming a^mtiohLof the semiconductor device upon a specimen; 

disposing th£*sp^efmen upon a stage, wherein the stage is coupled to a 
measurement device, afreHwherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 


detecting energy propagating from the surface of the specimen using the detection 
system; | 

/ 
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20 


generating one or more output signals in response to the detected energy; and 

processing the one or more output signals to determine a first property and a 

5 second property of the specimen, wherein the first property comprises a critical 

dimension of the specimerf, and wherein the second property comprises a thin film 

. f 

characteristic of the specimen. 

1325. The method of claim 1 32! wherein the illumination system comprises a single 
10 energy source. I 


1326 The method of claim 1324, wherein the illumination system comprises more than 
in one energy source. f 

I 

l . , 

15 1327. The method of claimll 324, wherein the detection system comprises a single 
energy sensitive device. I 

1328. The method o/cla$n 13?4, wherein the detection system comprises more than one 
energy sensitive devi 



1 329 The method of claim 1 324, wherein the measurement device is selected from the 

I 

group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, a bright? 1 field imaging device, a dark field imaging device, a bright field and 
25 dark field imaging Jlevice, an ellipsometer, a spectroscopic ellipsometer, a dual beam 

spectrophotometer, a beam profile ellipsometer, a photo-acoustic device, and a grazing X- 
ray reflectometer. 
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1330. The method of claim 1324, whepin the measurement device further comprises at 
least a first measurement device and a |econd measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
5 spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright f ield and dark field imaging device, an ellipsometer, 
a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam profile 
ellipsometer, a photo-acoustic device! and a grazing X-ray reflectometer. 

I 

10 1331. The method of claim 1 324, wherein the measurement device further comprises at 
least a first measurement device and 'a second measurement device, and wherein optical 
^ elements of the first measurement device comprise optical elements of the second 

measurement device. ; 


15 1332. The method of claim 1 324 Jwherein the measurement device further comprises 
non-optical components, 
surface of the specimen. 


non-optical components, and wherein measuring a non-optical characteristic of the 


11 - 

1333. The method of claim 132,4, Wherein the'measurement device further comprises at 


O 20 least an eddy current device and/a spectroscopic ellipsometer. 

1334. The method of claim 1324, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer, and wherein the 
measurement device is further coupled to an atomic layer deposition tool. 

25 


// 

1335. The method of claim 1 324, further comprising processing the one or more output 
signals to determine a thi Jd property of the specimen, wherein the third property is 
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selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 


1336. The method of claim 1335, wherein the stage and the measurement device are 

j 

coupled to a process tool selected from the ^roup consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool 1 , and an etch tool. 


1337. The method of claim 1324, wherejlh the stage and the measurement device are 
coupled to a process tool. 


1338. The method of claim 1 324, wherein the stage and the measurement device are 
coupled to a process tool, and whereimthe process tool is selected from the group 


consisting of a lithography tool, an etdi tool, and a deposition tool. 


1339. A system configured to determine at least two properties of a specimen during 
use, comprising: I 


a stage configured to smppo$ the, specimen during use; 



a measurement device coupled to the stage, comprising: 

I 

I 

an illumination system configured to direct energy toward a surface of the 
specimen during use; and 


a detection system coupled to the illumination system and configured to 

detect energy propagating from the surface of the specimen during use, 

I 

wherein the measurement device is configured to generate one or more 
output signals^responsive to the detected energy; 
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r 


a local processor coupled to the measurement device and configured to at least 
partially process the one or more output signals during use; and 


a remote controller computer coupled to the local processor, wherein the remote 
controller computer is configured to receive the at least partially processed one or 

more output signals and toldetermine a first property and a second property of the 

I 

specimen from the at least* partially processed one or more output signals during 


use, wherein the first property comprises a critical dimension of the specimen, and 

it 

10 wherein the second property comprises a thin film characteristic of the specimen. 


1 340. The system of claim 1 339, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer,' a spectroscopic reflectometer, a coherence probe 
15 microscope, a bright field imaging device, a dark field imaging device, a bright field and 
dark field imaging device, an ellipsometer, a spectroscopic ellipsometer, a dual beam 
spectrophotometer, a beam profile ellipsometer, a photo-acoustic device, and a grazing X- 
ray reflectometer. 


20 1341. The system of claim 1 339, wherein the measurement device comprises at least a 



first measuremer^d^oce^d a second measurement device, and wherein the first and 
second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 

25 a dark field imaging device, a bright field and dark field imaging device, an ellipsometer, 

/ 

a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam profile 
/ 

ellipsometer, a p'hoto-acoustic device, and a grazing X-ray reflectometer. 
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1342. The system of claim 1339, wherein the measurement device comprises at least a 
first measurement device and a second measurement device, and wherein optical 
elements of the first measurement de\pce comprise optical elements of the second 
measurement device. 


1343. The system of claim 1339, wjierein the illumination system and the detection 
system comprise non-optical components, and wherein the detected energy is responsive 
to a non-optical characteristic of thelsurface of the specimen. 


10 1344. The system of claim 1339, wherein the measurement device further comprises at 

jj 

least an eddy current device and a|spectroscopic ellipsometer. 

/ 

a 

;?? 1345. The system of claim 1339, wherein the measurement device further comprises at 

least an eddy current device and/ a spectroscopic ellipsometer, and wherein the system is 
yj 1 5 coupled to an atomic layer deposition tool. 


a 


1346. The system of claim 1339, wherein the remote controller computer is further 
configured to determine a third property of the specimen from the at least partially 
processed one or raffifToutaut signals during use, and wherein the third property is 

20 selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen^nd a r^u^ess^o^^feature of the specimen. 

1347. The system of claim 1339, wherein the system is coupled to a process tool 

ij 

selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 
25 cleaning tool, and anltch tooJ. 

" I 

1348. The systenyof claim 1339, wherein the remote controller computer is coupled to a 
process tool. 
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1349. The system of claim 1339, wherein the remote controller computer is coupled to a 
process tool, and wherein the process tool is selected from a group consisting of a 
lithography tool, an etch tool, and a deposition tool. 

1350. The system of claim 1339, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote'controller computer is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to the 
determined first or second property^ using a feedback control technique during use. 


1351. The system of claim 1339; wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to the 
determined first or second property using a feedforward control technique during use. 

/ 

1352. The system of claim | 33 ^' wherein the remote controller computer is coupled to a 
process tool, and whereiiithe remote controller computer is further configured to monitor 
a parameter of one It more/inkruments coupled to the process tool during use. 


1353. The system of claim 1352, wherein the remote controller computer is further 
configured to determined relationship between the determined properties and the 
monitored parameters during use. 


1354. The system off claim 1353, wherein the remote controller computer is further 
configured to alter a parameter of at least one of the instruments in response to the 
relationship during use. 
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1355. The system of claim 1339, wherein the system is coupled to a process tool, 
wherein the illumination system is fprther configured to direct energy toward the surface 
of the specimen during a process step, wherein the detection system is further configured 
to detect energy propagating from the surface of the specimen during the process step, 

5 and wherein the remote controller/computer is further configured to determine the first 
and second properties of the specimen during the process step. 

1356. The system of claim 135o, wherein the remote controller computer is further 

I 

configured to obtain a signature characterizing the process step during use, and wherein 

! 

10 the signature comprises at least one singularity representative of an end of the process 
step. | 

i 

* 1357. The system of claim 1<355, wherein the remote controller computer is further 

IT] configured to alter a parameter of one or more instruments coupled to the process tool in 

si f 

15 response to the determined first or second property using an in situ control technique 

during use. 

5 1358. The system of claim 1339, wherein a process tool comprises a first process 

chamber and a secon^pretess chamber, and wherein the stage is further configured to 

D 20 move the specimen from/the\|irst process chamber to the second process chamber during 
use. 


1359. The system of claim 1358, wherein the illumination system is further configured 

// 

to direct energy towar^I the surface of the specimen during said moving, wherein the 
25 detection system is further configured to detect energy propagating from the surface of 

the specimen during/ said moving, and wherein the remote controller computer is further 

// 

configured to determine the first and second properties of the specimen during said 
moving. / 
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1360. The system of claim 1339, wherein the remote controller computer is further 
configured to compare at least one oflthe determined properties of the specimen and 
properties of a plurality of specimen^ during use. 

/ 

1361. The system of claim 1 339/ wherein the remote controller computer is further 
configured to compare at least orie of the determined properties of the specimen to a 
predetermined range for the property during use. 

I 

10 1362. The system of claim 1361, wherein the remote controller computer is further 

/ 

configured to generate an output signal if at least one of the determined properties of the 

f 

m specimen is outside of the predetermined range for the property during use. 

H I 

I 

■ssr k 

Lf! 1363. The system of claim 1339, wherein the remote controller computer is further 

^ / 

1 5 configured to alter a sampling frequency of the measurement device in response to the 

J 

determined first or second property of the specimen during use. 

i 

1364. The s^tem of cFaim 1339, wherein the remote controller computer is further 
■ v \ 

configured tolalter a parameter of one or more instruments coupled to the measurement 
\ * I 

20 device in resp^se tojtjg^ determined first or second property using a feedback control 

technique during use". 

I 


4» 


1365. The system?of claim 1339, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 

25 device in response to the determined first or second property using a feedforward control 

/ / 

technique during^use. 


/ 
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1366. The system of claim 
configured to generate a datj 


determined first and secondlproperties of the specimen 


339, wherein the remote controller computer is further 
base during use, wherein the database comprises the 


1367. The system of claim 1366, wherein the remote controller computer is further 
configured to calibrate tha measurement device using the database during use. 

1368. The system of claim 1366, wherein the remote controller computer is further 
configured to monitor output signals generated by measurement device using the database 
during use. 

1369. The system of claim 1 366, wherein the database further comprises first and 
second properties of a plurality of specimens. 


1370. The system of claim 1369, wherein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices. 

! 
I 

1371. The system of claim 1 370, wherein the remote controller computer is further 
coupled to the^kiraljty of measurement devices. 


1371, wherein the remote controller computer is further 
urality of measurement devices using the database during 


1372. Thes; 
configured to calibra 



use. 


1373. The system of claim 1371, wherein the remote controller computer is further 
configured to monitor output signals generated by the plurality of measurement devices 
using the database during use. 
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1374. The system of claim 1339, wherein the remote controller computer is further 
coupled to a plurality of measurement flevices, and wherein each of the plurality of 
measurement devices is coupled to at least one of a plurality of process tools. 

1 375. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; I 

i 

generating one or more putput signals responsive to the detected energy; and 

V 

\ 

processing the one or ijiore output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a critical 


dimension of thfspecunen, and wherein the second property comprises a thin film 



characteristic of the^p|ci^ien, comprising: 
/ 


Dart^ 


at least part/ally processing the one or more output signals using a local 
processorjwherein the local processor is coupled to the measurement 
device; / 


/ / 


sendingyfhe partially processed one or more output signals from the local 
procepor to a remote controller computer; and 
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further processing the partially processed one or more output signals using 
the remote controller computer. 

1376. The method of claim 1375, wherein t le measurement device is selected from the 
group consisting of a non-imaging scatterompter, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, a bright field imaging device, a dark field imaging device, a bright field and 

dark field imaging device, an ellipsometer/ a spectroscopic ellipsometer, a dual beam 

I 

spectrophotometer, a beam profile ellipsometer, a photo-acoustic device, and a grazing X- 
ray reflectometer. 

/ 

1377. The method of claim 1375, wherein the measurement device comprises at least a 
first measurement device and a seconcj-measurement device, and wherein the first and 
second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright field and dark field imaging device, an ellipsometer, 
a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam profile 
ellipsometer, a photo-acoustic device, and a grazing X-ray reflectometer. 

1378. The method of clai#ris375, wherein optical elements of the first measurement 
device comprise optical demerits of the second measurement device. 


1379. The method of claim 1375, wherein the measurement device further comprises 
non-optical components,^and wherein detecting energy comprises measuring a non- 
optical characteristic of^the surface of the specimen. 


Page 497 


Conley, Rose & Tayon 


1380. The method of claim 1375, wherein the measurement device further comprises at 
least an eddy current device and a sp, *ctroscopic ellipsometer. 


1381 . The method of claim 1375, \ /herein the measurement device further comprises at 
least an eddy current device and a sj ectroscopic ellipsometer, and wherein the 
measurement device is further coupled to an atomic layer deposition tool. 


1382. The method of claim 1375,|further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness^of a feature of the specimen. 


1383. The method of claim 1382, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

/' 

1384. The method of claim 1375, wherein the remote controller computer is coupled to a 

process tool. / 

ji 
tt 

1385. The method of claim? 1375, wherein the remote controller computer is coupled to a 
process tool, and wherein t]a€*jfrocess tool is selected from the group consisting of a 



lithography tool, an etch tGQj<^jd a deposition tool. 

/ 

/ 

1386. The method of claim 1375, wherein the remote controller computer is coupled to a 


process tool, the method' further comprising altering a parameter of one or more 
instruments coupled toithe process tool using the remote controller computer in response 
to the determined firstjor second property of the specimen using a feedback control 
technique. 
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1387. The method of claim 1375, wherein the remote controller computer is coupled to a 
process tool, the method further comprising altering a parameter of one or more 
instruments coupled to the process tooff using the remote controller computer in response 
to the determined first or second property of the specimen using a feedforward control 
technique. 

1388. The method of claim 1375, wherein the remote controller computer is coupled to a 
process tool, the method further comprising monitoring a parameter of one or more 
instruments coupled to the process lool using the remote controller computer. 

I 

1389. The method of claim 1388/further comprising determining a relationship between 
the determined properties and at least one of the monitored parameters using the remote 
controller computer. ^ 

1390. The method of claim 13p, further comprising altering a parameter of at least one 
of the instruments in response to the relationship using the remote controller computer. 

1391. The method of c\aim 1075, wherein the illumination system and the detection 

system are coupled to a proc|s^cl^fiber of the process tool, further comprising 

/ 

performing said directing and said detecting during a process step. 

/ 

1392. The method of claim 1391, further comprising obtaining a signature 
characterizing the process step using the remote controller computer, wherein the 
signature comprises at least one singularity representative of an end of the process step. 
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1 393. The metho i of claim 1391, further comprising altering a parameter of one or more 
instruments couph d to the process tool using the remote controller computer in response 
to the determined : Irst or second property using an in situ control technique. 

1394. The methol of claim 1375, further comprising: 


moving the 


using the stage 


specimen from a first process chamber to a second process chamber 


performing 


said directing and said detecting during said moving the specimen. 


1395. The methoc of claim 1375, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 


specimens using the remote controller computer. 

i 
i 

1 396. The method of claim 1 375, further comprising comparing at least one of the 

I 

determined properties of the specimen to a predetermined range for the property using the 
remote cont rolle r computer. 


1397. The 



of claim 1396, further comprising generating an output signal using 


the remote controller computer if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property. 


the measurement device 


;nji 

7 


i 


L 


1398. The method of claim 1375, wherein the remote controller computer is coupled to 
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a 


u 


1399. The method of claim 1398, further comprising altering a sampling frequency of 
the measurement device using the remote controller computer in response to the 
determined first or second property of the specimen. 

1400. The method of daim|l398, further comprising altering a parameter of one or more 
instruments coupled to the measurement device using the remote controller computer in 
response to the determined {First or second property using a feedback control technique. 


1401 . The method of claim 1398, further comprising altering a parameter of one or more 

I 

1 0 instruments coupled to the' measurement device using the remote controller computer in 


response to the determined first or second property using a feedforward control technique. 

f 

i 

1402. The method of claim 1375, further comprising generating a database using the 
remote controller compufer, wherein the database comprises the determined first and 
1 5 second properties of the specimen. 


1403. The method of claim 1402, further comprising calibrating the measurement device 
CI using the database and/the remote controller computer. 


r 

20 1404. The rnethod of^laim 1402, further comprising monitoring output signals 
generating by the mjea^urpalent device using the database and the remote controller 
computer. 


1405. The method of claim 1402, wherein the database further comprises first and 
25 second properties of a plurality of specimens. 


1406. The mjethod of claim 1405, wherein the first and second properties of the plurality 
of specimenyare generated using a plurality of measurement devices. 
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1407. The method of claim 14G6, further comprising calibrating the plurality of 
measurement devices using the oatabase and the remote controller computer. 

1408. The method of claim 1406, further comprising monitoring output signals 
generated by the plurality of measurement devices using the database and the remote 
controller computer. I 

1409. The method of claim 13/5, further comprising sending the at least partially 
processed one or more output signals from a plurality of local processors to the remote 
controller computer, wherein each of the plurality of local processors is coupled to one of 
a plurality of measurement devices. 

1410. The method of claim A409, further comprising altering a parameter of one or more 
instruments coupled to at least one of the plurality of measurement devices using the 
remote controller computer in response to the determined first or second property of the 
specimen. / 

1411. The method o£jcjAim 1410, wherein each of the plurality of measurement devices 
is coupled to one oiU plpaWy of process tools. 

1412. The method oflclaim 141 1, further comprising altering a parameter of one or more 
instruments coupled tfi at least one of the plurality of process tools using the remote 
controller computer in response to the determined first or second property of the 
specimen. * 

1413. A system configured to determine at least three properties of a specimen during 
use, comprising: 
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a stage configured to support the specimen during use; 


a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 
specimen during use; and 

a detection system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals in response to the detected energy during use; and 

a processor coupled to the measurement device and configured to determine a first 
property, a second property, and a third property of the specimen from th^oft^r 
rnore output signals during use , wherein the first property comprises a critical 
dimension of the specimen, wherein the second property comprises a presence of 
defects on the specimen, and wherein the third property comprises a thin film 
characteristic of the specimen. 


1414. The system of claim 1413, wherein the stage is further configured to move 
laterally during use. 

1415. The system of claim 1413, wherein the stage is further configured to move 
rotatably during use. 

1416. The system of claim 1413, wherein the stage is further configured to move 
laterally and rotatably during use. 
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1417. The system of claim 1413, wherein the illumination system comprises a single 
energy source. 

1418. The system of claim 1413, wherein the illumination system comprises more than 
one energy source. 

1419. The system of claim 1413, wherein the detection system comprises a single energy 
sensitive device. 

1 420. The system of claim 1413, wherein the detection system comprises more than one 
energy sensitive devices. 

1421. The system of claim 1413, wherein the measurement device further comprises a 
non-imaging scatterometer. 

1422. The system of claim 1413, wherein the measurement device further comprises a 
scatterometer. 

1423. The system of claim 1413, wherein the measurement device further comprises a 
spectroscopic scatterometer. 

1424. The system of claim 1413, wherein the measurement device further comprises a 
reflectometer. 

1425. The system of claim 1413, wherein the measurement device further comprises a 
spectroscopic reflectometer. 
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1426. The system of claim 1413, wherein the measurement device further comprises a 
coherence probe microscope. 

1427. The system of claim 1413, wherein the measurement device further comprises a 
bright field imaging device. 

1428. The system of claim 1413, wherein the measurement device further comprises a 
dark field imaging device. 

1429. The system of claim 141 3, wherein the measurement device further comprises a 
bright field and dark field imaging device. 

1430. The system of claim 1413, wherein the measurement device further comprises a 
non-imaging bright field device. 

143 1 . The system of claim 1413, wherein the measurement device further comprises a 
non-imaging dark field device. 

1432. The system of claim 1413, wherein the measurement device further comprises a 
non-imaging bright field and dark field device. 

1433. The system of claim 1413, wherein the measurement device further comprises an 
ellipsometer. 

1434. The system of claim 1413, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 
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1435. The system of claim 1413, wherein the measurement device further comprises a 
dual beam spectrophotometer. 

1436. The system of claim 1413, wherein the measurement device further comprises a 
5 beam profile ellipsometer. 

1437. The system of claim 1413, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 

10 scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
*0 a dark field imaging device, a bright field and dark field imaging device, a non-imaging 

yj bright field device, a non-imaging dark field device, a non-imaging bright field and dark 

field device, an ellipsometei/a spectroscopic ellipsometer, a dual beam 
£n 15 spectrophotometer, and a beam profile ellipsometer. 


1438. The system of claim 1413, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 


□ elements of the first measurement device comprise optical elements of the second 

^ 20 measurement device. 


1439. The system of claim 1413, wherein the defects comprise micro defects and macro 
defects. 

25 1440. The system of claim 1413, wherein the defects comprises micro defects or macro 
defects. 
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1441 . The system of claim 1413, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 

1442. The system of claim 1413, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 

1443. The system of claim 1413, wherein the processor is further configured to 
determine a fourth property of the specimen from the one or more output signals during 
use, and wherein the fourth property is selected from the group consisting of a roughness 
of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 
the specimen. 

1444. The system of claim 1443, wherein the system is coupled to a process tool 
selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etch tool. 

1445. The system of claim 1413, wherein the illumination system is further configured 
to direct energy toward a bottom surface of the specimen during use, wherein the 
detection system is further configured to detect energy propagating from the bottom 
surface of the specimen during use, and wherein the second property further comprises a 
presence of defects on the bottom surface of the specimen. 

1446. The system of claim 1445, wherein the defects comprise macro defects. 

1447. The system of claim 1413, wherein the illumination system and the detection 
system comprise non-optical components, and wherein the detected energy is responsive 
to a non-optical characteristic of the surface of the specimen. 
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1448. The system of claim 1413, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer. 

1449. The system of claim 1413, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer, and wherein the system is 
coupled to an atomic layer deposition tool. 

1450. The system of claim 1413, wherein the system is further configured to determine 
at least three properties of the specimen substantially simultaneously during use. 

1451. The system of claim 1413, wherein the illumination system is further configured 
to direct energy to multiple locations on the surface of the specimen substantially 
simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 
simultaneously such that the first, second, and third properties of the specimen at the 
multiple locations can be determined substantially simultaneously. 

1452. The system of claim 1413, wherein the system is coupled to a process tool. 

1453. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the system is disposed within the process tool. 

1454. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the system is arranged laterally proximate to the process tool. 

1455. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the process tool comprises a wafer handler configured to move the specimen to 
the stage during use. 
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1456. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the stage is configured to move the specimen from the system to the process tool 
during use. 

1457. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the stage is further configured to move the specimen to a process chamber of the 
process tool during use. 

1458. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 

1459. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the process tool comprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the support device is substantially 
parallel to an upper surface of the stage. 

1460. The system of claim 1413, wherein the system is coupled to a process tool, 
wherein the process tool comprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the stage is angled with respect to 
an upper surface of the support device. 

1461. The system of claim 1413, wherein the system is coupled to a process tool, and 
wherein the process tool is selected from the group consisting of a lithography tool, an 
etch tool, and a deposition tool. 
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1462. The system of claim 1413, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is coupled to a process 
tool. 

1463. The system of claim 1413, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is disposed within a 
process tool. 

1464. The system of claim 1413, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is arranged laterally 
proximate to a process chamber of a process tool. 

1465. The system of claim 1413. wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is arranged vertically 
proximate to a process chamber of a process tool. 

1466. The system of claim 1413, wherein a process tool comprises a process chamber, 
wherein the stage is disposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 

1467. The system of claim 1466, wherein the processor is further configured to 
determine at least the three properties of the specimen during the process step. 
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1468. The system of claim 1467, wherein the processor is further configured to obtain a 
signature characterizing the process step during use, and wherein the signature comprises 
at least one singularity representative of an end of the process step. 

1469. The system of claim 1467, wherein the processor is coupled to the process tool 
and is further configured to alter a parameter of one or more instruments coupled to the 
process tool in response to the determined properties using an in situ control technique 
during use. 

1470. The system of claim 1413, wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 
move the specimen from the first process chamber to the second process chamber during 
use. 

1471. The system of claim 1470, wherein the system is further configured to determine 
at least the three properties of the specimen as the stage is moving the specimen from the 
first process chamber to the second process chamber. 

1472. The system of claim 1413, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen and properties of a plurality of 
specimens during use. 

1473. The system of claim 1413, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen to a predetermined range for the 
property during use. 
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1474. The system of claim 1473, wherein the processor is further configured to generate 
an output signal if at least one of the determined properties of the specimen is outside of 
the predetermined range for the property during use. 

1475. The system of claim 1413, wherein the processor is further configured to alter a 
sampling frequency of the measurement device in response to at least one of the 
determined properties of the specimen during use. 

1476. The system of claim 1413, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedback control technique during use. 

1477. The system of claim 1413, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedforward control technique during 
use. 

1478. The system of claim 1413, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first, second, and 
third properties of the specimen. 

1479. The system of claim 1478, wherein the processor is further configured to calibrate 
the measurement device using the database during use. 

1480. The system of claim 1478, wherein the processor is further configured to monitor 
output signals generated by measurement device using the database during use. 
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1481 . The system of claim 1478, wherein the database further comprises first, second, 
and third properties of a plurality of specimens. 

1 482. The system of claim 1481, wherein the first, second, and third properties of the 
plurality of specimens are determined using the measurement device. 

1483. The system of claim 1481, wherein the first, second, and third properties of the 
plurality of specimens are determined using a plurality of measurement devices. 

1484. The system of claim 1483, wherein the processor is further coupled to the plurality 
of measurement devices. 

1485. The system of claim 1484, wherein the processor is further configured to calibrate 
the plurality of measurement devices using the database during use. 

1486. The system of claim 1485, wherein the processor is further configured to monitor 
output signals generated by the plurality of measurement devices using the database 
during use. 

1487. The system of claim 1413, further comprising a stand alone system coupled to the 
system, wherein the stand alone system is configured to be calibrated with a calibration 
standard during use, and wherein the stand alone system is further configured to calibrate 
the system during use. 

1488. The system of claim 1413, further comprising a stand alone system coupled the 
system and at least one additional system, wherein the stand alone system is configured to 
be calibrated with a calibration standard during use, and wherein the stand alone system is 
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further configured to calibrate the system and at least the one additional system during 
use. 

1489. The system of claim 1413, wherein the system is further configured to determine 
at least the two properties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of the determined properties of the specimen at the more than one position on 
the specimen to reduce within wafer variation of at least one of the determined properties. 

1490. The system of claim 1413, wherein the processor is further coupled to a process 
tool. 

1491. The system of claim 1490, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using a feedback control technique during use. 

1492. The system of claim 1490, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using a feedforward control technique during use. 

1493. The system of claim 1490, wherein the processor is further configured to monitor 
a parameter of one or more instruments coupled to the process tool during use. 

1494. The system of claim 1493, wherein the processor is further configured to 
determine a relationship between at least one of the determined properties and at least one 
of the monitored parameters during use. 
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1495. The system of claim 1494, wherein the processor is further configured to alter a 
parameter of at least one of the instruments in response to the relationship during use. 

1496. The system of claim 1413, wherein the processor is further coupled to a plurality 
of measurement devices, and wherein each of the plurality of measurement devices is 
coupled to at least one of a plurality of process tools. 

1497. The system of claim 1413, wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 
processor, wherein the local processor is configured to at least partially process the one or 
more output signals during use, and wherein the remote controller computer is configured 
to further process the at least partially processed one or more output signals during use. 

1498. The system of claim 1497, wherein the local processor is further configured to 
determine the first, second, and third properties of the specimen during use. 

1499. The system of claim 1497, wherein the remote controller computer is further 
configured to determine the first, second, and properties of the specimen during use. 

1500. A method for determining at least three properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 
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detecting energy propagating from the surface of the specimen using the detection 
system; 


generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
comprises a critical dimension of the specimen, wherein the second property 
comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the specimen. 


1501. Thamethod of claim 1500, further comprising laterally moving the stage during 
said directii ig energy and said detecting energy. 

1502. The method of claim 1500, further comprising rotatably moving the stage during 
said directing energy and said detecting energy. 


1503. The method of claim 1500, further comprising laterally and rotatably moving the 
stage during slid directing energy and said detecting energy. 

1504. The me|hod of claim 1500, wherein the illumination system comprises a single 
energy source. 


1505. The | 
one energy sotifcj 


of claim 1500, wherein the illumination system comprises more than 


1506. The metl: od of claim 1500, wherein the detection system comprises a single 
energy sensitive device. 
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of claim 1500, wherein the detection system comprises more than one 


1507. The method 

J. 

energy sensitive devices. 

1 508. The methojl of claim 1 500, wherein the measurement device further comprises a 
non-imaging scatterometer. 


g fi 


03 

e 


10 


1 509. The metlfod of claim 1 500, wherein the measurement device further comprises a 
scatterometer. 

1510. The method of claim 1 500, wherein the measurement device further comprises a 
spectroscopic sqatterometer. 


1511. Theme 
15 reflectometer 


hod of claim 1500, wherein the measurement device further comprises a 


1512. The mlthod of claim 1500, wherein the measurement device further comprises a 
spectroscopic reflectometer. 

20 1513. The m ethod of claim 1 500, wherein the measurement device further comprises a 
cohereneTpi'lj be microscope. 

1514. The i lethod of claim 1 500, wherein the measurement device further comprises a 
bright field imaging device. 

25 I 

1515. The method of claim 1 500, wherein the measurement device further comprises a 
dark field i: haging device. 
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1516. The method of claim 1500, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


1517. The method of cMm 1 500, wherein the measurement device further comprises a 


non-imaging bright field 


levice. 


1518. The method of claim 1 500, wherein the measurement device further comprises a 
non-imaging dark field device. 

1519. The method of claim 1 500, wherein the measurement device further comprises a 
non-imaging bright field and dark field device. 

1520. The method of claim 1500, wherein the measurement device further comprises an 
ellipsometer. 


1521. The method of claim 1 500, wherein the measurement device further comprises a 

spectroscopic ellipsometer. 

/ 

1522. The method of^claim 1500, wherein the measurement device further comprises a 
dual beam spectrophotometer. 

1 523. The method^of^im^l 500, wherein the measurement device further comprises a 
beam profile ellipsometer. 

| 

1524. The metho<|of claim 1500, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 


and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a ^patterometer, a spectroscopic scatterometer, a reflectometer, a 
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spectroscopic reflectomet a coherence probe microscope, a bright field imaging device, 
a dark field imaging devi< e, a bright field and dark field imaging device, a non-imaging 
bright field device, a non-jimaging dark field device, a non-imaging bright field and dark 
field device, an ellipsometer, a spectroscopic ellipsometer, a dual beam 
spectrophotometer, and k beam profile ellipsometer. 


1525. The method of c laim 1 500, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first me isurement device comprise optical elements of the second 

10 measurement device. 

1526. The method of claim 1500, wherein the defects comprise micro defects and macro 
defects. 


15 1527. The method of p laim 1 500, wherein the defects comprises micro defects or macro 
defects. 


20 


1 528. The method off claim 1 500, wherein the thin film characteristic comprises a 
thickness of a copperfelm, and wherein the defects comprise voids in the copper film. 

1 529. The metho^f claim 1 500, wherein the defects comprise macro defects on a back 

Lm J 

side of the specinMLand wherein the macro defects comprise copper contamination. 


1530. The methom of claim 1500, further comprising processing the one or more output 

if 

25 signals to determine a fourth property of the specimen, wherein the fourth property is 

selected from the/group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen/ and a roughness of a feature of the specimen. 
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1531. The method of clairif 1530, wherein the stage and the measurement device are 


coupled to a process tool s6 


ected from the group consisting of a lithography tool, an 


atomic layer deposition tool, a cleaning tool, and an etch tool. 


1532. The method of claiih 1500, further comprising: 


directing energy toward a bottom surface of the specimen; and 


detecting energy prppagatin; 
the second property 
specimen. 


g from the bottom surface of the specimen, wherein 
comprises a presence of defects on the bottom surface of the 


1 533. The method of claim 1 532, wherein the defects comprise macro defects. 


1534. The method of claim 1 500, wherein the measurement device further comprises 


non-optical components, and wherein detecting energy comprises measunng a non- 

I 

optical characteristic of the surface of the specimen. 


1535. The method of claim 1500, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer. 


1 536. The method of claim 1 500, wherein the measurement device further comprises at 
least an eddy currenfQi^ce and a spectroscopic ellipsometer, and wherein the 
measurement device isffurther coupled to an atomic layer deposition tool. 


1537. The method of claim 1 500, wherein processing the detected energy to determine 
the first, second, and/third properties of the specimen comprises substantially 
simultaneously determining the first, second, and third properties of the specimen. 
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1538. The method of cl aim 1500, further comprising directing energy toward multiple 
locations on the surface pf the specimen substantially simultaneously and detecting 
energy propagating from the multiple locations substantially simultaneously such that the 

5 first, second, and third properties of the specimen at the multiple locations can be 
determined substantially simultaneously. 

1539. The method of claim 1500, wherein the stage and the measurement device are 
coupled to a process tool. 

10 \ 

1540. The method of claim 1500, wherein the stage and the measurement device are 
coupled to a process^tool, and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 


J**" 15 1 54 1 . The method of claim 1 500, wherein the stage and the measurement device are 

p 

1 coupled to a process tool, and wherein the stage and the measurement device are disposed 

O (■ 

# within the process tool. 

1542. The methok of claim 1500, wherein the stage and the measurement device are 


20 coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, and a deposition tool. 


1543. The method of claim 1500, wherein the stage and the measurement device are 
coupled to a pipajs^tool, wherein the process tool comprises a wafer handler, and 
25 wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to the stage using the wafer handler. 
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1 544. The method of claim 1 500, wherein the stage and the measurement device are 
coupled to a process tool.' the method further comprising moving the specimen to the 
process tool subsequent to said directing and said detecting using the stage. 

1 545. The method of Claim 1 500, wherein the stage and the measurement device are 
coupled to a process tctol, the method further comprising determining at least the two 
properties of the specimen while the specimen is waiting between process steps. 


1 546. The method of claim 1 500, wherein the stage and the measurement device are 

1 0 coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 

support device is substantially parallel to an upper surface of the stage. 

i 
i 

1 547. The method'of claim 1 500, wherein the stage and the measurement device are 

1 5 coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 



Q 1 548. The mewtji of claim 1 500, wherein the stage and the measurement device are 

* 20 disposed within afmeasurement chamber, and wherein the measurement chamber is 

coupled to a process tool. 

1 549. The method of claim 1 500, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
25 disposed withinja process tool. 
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1 550. The method of claili 1 500, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 

5 1551. The method of claim 1 500, wherein the stage and the measurement device are 

disposed within a measurement chamber, and wherein the measurement chamber is 

arranged vertically proxi'mate to a process chamber of a process tool. 

/ 

1552. The method of claim 1500, wherein disposing the specimen upon the stage 
1 0 comprises disposing the specimen upon a support device disposed within a process 
a chamber of a process tool, and wherein the support device is configured to support the 


if? 

Hi 

y :■ 


specimen during a process step. 

1553. The method of claim 1552, further comprising performing said directing and said 
1 5 detecting during the process step. 


| 1 554. The method of claim 1553, further comprising obtaining a signature 

H characterizing the process step, wherein the signature comprises at least one singularity 

representative of an end of the process step. 


20 


1555. The method of claim 1553, further comprising altering a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 
properties using^^itu control technique. 

25 1556. The method of claim 1500, further comprising moving the specimen from a first 
process chamber to a second process chamber using the stage, wherein the first process 
chamber and the ['second process chamber are disposed within a process tool. 
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1557. The method if claim 1556, further comprising performing said directing and said 
detecting during said moving the specimen from the first process chamber to the second 
process chamber. 

1 558. The methodtof claim 1 500, further comprising comparing at least one of the 
determined propertieslof the specimen and determined properties of a plurality of 
specimens. \ 

\ 

1 559. The method of claim 1 500, further comprising comparing at least one of the 

\ 

determined properties of the specimen to a predetermined range for the property. 


1560. The method of claim 1559, further comprising generating an output signal if at 

\ 

least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


1 561 . The method of claim 1 500, further comprising altering a sampling frequency of 
the measurement device in response to at least one of the determined properties of the 
specimen. I 

1 562. The method of claim > 1 5oo/further comprising altering a parameter of an 
instrument coupled to them aswement device in response to at least one of the 
determined properties using a feedback control technique. 

1563. The method of claim jl 500, further comprising altering a parameter of an 
instrument coupled to the measurement device in response to at least one of the 
determined properties using a feedforward control technique. 
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1564. The method of clai n 1 500, further comprising generating a database, wherein the 
database comprises the determined first, second, and third properties of the specimen. 

1565. The method of claim 1 564, further comprising calibrating the measurement device 
5 using the database. j 


1 566. The method of claim 1 564, further comprising monitoring output signals of the 
measurement device using the database. 

10 1567. The method of claim 1 564, wherein the database further comprises first, second, 
PI and third properties of a plurality of specimens. 

I i 

HI 1 568. The method of claim 1 567, wherein the first, second, and third properties of the 

w I; ' 

plurality of specimens are generated using a plurality of measurement devices. 

15 I 


s 1 569. The method of claim 1 568, further comprising calibrating the plurality of 

o 'I 

,n measurement devices using the database. 


1 570. The method of claim 1568, further comprising monitoring output signals of the 

i 

20 plurality of measurement devices using the database. 


1571. The method of cl^^J^OO, wherein a stand alone system is coupled to the 
measurement device, the method further comprising calibrating the stand alone system 
with a calibration standard and calibrating the measurement device with the stand alone 


25 system. 


1572. The method of claim 1500, wherein a stand alone system is coupled to the 
measurement device and atjleast one additional measurement device, the method further 
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comprising calibrating the staid alone system with a calibration standard and calibrating 
the measurement device an atfleast the one additional measurement device with the stand 
alone system. 


1573. The method of claim 11500, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
parameter of one or more instruments coupled to a process tool in response to at least one 
of the determined properties [of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 


1 574. The method of claim 
instruments coupled to a process 
properties of the specimen usjin: 


1500, further comprising altering a parameter of one or more 
tool in response to at least one of the determined 
g a feedback control technique. 


1 575. The method of claim 
instruments coupled to a 
properties of the specimen 


1576. The method of cl 
more instruments coupfl 


1 500, further comprising altering a parameter of one or more 
procjess tool in response to at least one of the determined 
u*ng a feedforward control technique. 


d tc 


1 500, further comprising monitoring a parameter of one or 
cess tool. 


1577. The method of claim 1576, further comprising determining a relationship between 
the determined properties and at least one of the monitored parameters. 


1578. The method of claim 1577, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 
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1579. The method 
instruments couple- 
determined properti 


of claim 1500, further comprising altering a parameter of one or more 
to a plurality of process tools in response to the at least one of the 
of the specimen. 


1580. The method claim 1500, wherein processing the one or more output signals 
comprises: 


at least partially processing the one or more output signals using a local processor, 


wherein the loc; 


sending the partially processed 
processor to a reftiote 


processor is coupled to the measurement device; 


one or more output signals from the local 
controller computer; and 


further processing the partially processed one or more output signals using the 


remote controller 


1581. The method of c 


computer. 


aim 1580, wherein at least partially processing the one or more 
output signals compri^j^ejermining the first, second, and third properties of the 
specimen. 


1582. The method of claim 1580, wherein further processing the partially processed one 
or more output signal^/ comprises determining the first, second, and third properties of the 
specimen. 


1583. A computer-implemented method for controlling a system configured to 
determine at least three properties of a specimen during use, wherein the system 
comprises a measurement device, comprising: 
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controlling the measurement device, wherein the measurement device comprises 
an illumination system and a detection system, and wherein the measurement 
device is coupled to a stage, comprising: 

controlling the illumination system to direct energy toward a surface of the 
specimen; 


controlling the detection system to detect energy propagating from the 
surface of the specimen; and 


generating one or more output signals in response to the detected energy; 
and 


processing the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
comprises a critical dimension of the specimen, wherein the second property 
comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the specimen. 

1 584. The methodlof claim 1 583, further comprising controlling the stage, wherein the 
stage is configured tip support the specimen. 


1 585. The method of claim 1 583, further comprising controlling the stage to laterally 
move the stage durinisaid directing energy and said detecting energy. 


1586. The method o 
move the stage during 


; claim 1583, further comprising controlling the stage to rotatably 
said directing energy and said detecting energy. 
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1587. The method of 
and rotatably move the 

1588. The method of 
energy source. 


laim 1583, further comprising controlling the stage to laterally 
stage during said directing energy and said detecting energy. 


laim 1583, wherein the illumination system comprises a single 


1589. The method of claim 1 583, wherein the illumination system comprises more than 
one energy source. I 

\ 

\ 

1590. The method of claim 1583, wherein the detection system comprises a single 

i. 

energy sensitive device. \ 


1591. The method of claim! 1583, wherein the detection system comprises more than one 
energy sensitive devices. 


1 592. The method of claim 
non-imaging scatterometer. 

1593. The method of claim 
scatterometer. 


583, wherein the measurement device further comprises a 


583, wherein the measurement device further comprises a 


1 594. The method of clainO§83, wherein the measurement device further comprises a 
spectroscopic scatterometer. / 


1 595. The method of claim 
reflectometer. 


583, wherein the measurement device further comprises a 
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1 596. The method bf claim 1 583, wherein the measurement device further comprises a 
spectroscopic reflectometer. 

1597. The method of claim 1583, wherein the measurement device further comprises a 
coherence probe microscope. 


1598. The method of claim 1583, wherein the measurement device further comprises a 

\ 

bright field imaging device. 


1599. The method of claim 1583, wherein the measurement device further comprises a 
dark field imaging device 


1600. The method of claiiji 1583, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


1 601 . The method of claim; 1 583, wherein the measurement device further comprises a 

non-imaging bright field device. 

t 

i 

1 602. The method of claim L583, wherein the measurement device further comprises a 
non-imaging dark field device: 


1603. The method of claim il 583, wherein the measurement device further comprises a 
non-imaging bright field and dark field device. 


i 

1604. The method of claimjl583, wherein the measurement device further comprises an 
ellipsometer. | , 
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1605. The method of claim 1583, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 

1606. The method of ;laim 1583, wherein the measurement device further comprises a 
dual beam spectrophotometer. 


1607. The method of claim 1583, wherein the measurement device further comprises a 
beam profile ellipsometer. 


1608. The method of claim 1583, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 


scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer a coherence probe microscope, a bright field imaging device, 


1 


a dark field imaging device; a bright field and dark field imaging device, a non-imaging 

i 

bright field device, a non-imaging dark field device, a non-imaging bright field and dark 

field device, an ellipsomete4 a spectroscopic ellipsometer, a dual beam 

1 

spectrophotometer, and a beam profile ellipsometer. 


1 609. The method of claim} 1 583, wherein the measurement device further comprises at 
least a first measurement^H^ice and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


1610. The method of clairp 1583, wherein the defects comprise micro defects and macro 
defects. 
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1611. The method of claim 
defects. 


583, wherein the defects comprises micro defects or macro 


1612. The method of claim 1583, wherein the thin film characteristic comprises a 


thickness of a copper film, an 


wherein the defects comprise voids in the copper film. 


1613. The method of claim 1583, wherein the defects comprise macro defects on a back 

\ 

side of the specimen, and wherein the macro defects comprise copper contamination. 


1614. The method of claim 1 583, further comprising processing the one or more output 
signals to determine a fourth p roperty of the specimen, wherein the fourth property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 


on the specimen, and a roughr 


1615. The method of claim 1 
coupled to a process tool selected 
atomic layer deposition tool 


ess of a feature of the specimen. 


614, wherein the stage and the measurement device are 
from the group consisting of a lithography tool, an 
cleaning tool, and an etch tool. 


1616. The method of claim 1 583, further comprising: 



controlling the illumination system to direct energy toward a bottom surface of the 
specimen; and 

controlling the detdbtion system to detect energy propagating from the bottom 
surface of the specimen, wherein the second property comprises a presence of 
defects on the botpm surface of the specimen. 


1617. The method of claim 1616, wherein the defects comprise macro defects. 
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1618. The method of cl^.m 1583, wherein the measurement device further comprises 
non-optical components, pd wherein controlling the detection system comprises 
controlling the detection |ystem to measure a non-optical characteristic of the surface of 
the specimen. 


1619. The method of claim 1583, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer. 


1620. The method of claim 1583, wherein the measurement device further comprises at 
least an eddy current devicl and a spectroscopic ellipsometer, and wherein the system is 
coupled to an atomic layer deposition tool. 


1 62 1 . The method of claim 1 583, wherein processing the one or more output signals to 


determine the first, second, 


and third properties of the specimen comprises substantially 


simultaneously determining the first, second, and third properties of the specimen. 


1622. The method of clair 


583, further comprising controlling the illumination system 


to direct energy toward multiple locations on the surface of the specimen substantially 
simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that the first, second, and third 
properties of the specimen at the multiple locations can be determined substantially 
simultaneously. 


1623. The method of claim 1583, wherein the stage and the measurement device are 

/ 

coupled to a process tool. 
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1624. The methodjjof claim 1583, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proximate/ to the process tool. 


1625. Themethofi 
coupled to a 
within the process 


of claim 1583, wherein the stage and the measurement device are 
process tool, and wherein the stage and the measurement device are disposed 
tool. 


1626. The method of claim 1583, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, and a deposition tool. 


1627. The method 
coupled to a process 
move the specimen 
coupled to the process 


1628. The method 
coupled to a procesi 


of claim 1583, wherein the stage and the measurement device are 
tool, the method further comprising controlling a wafer handler to 
torn the process tool to the stage, and wherein the wafer handler is 
tool. 



£piaim 1583, wherein the stage and the measurement device are 
tool, the method further comprising controlling the stage to move the 


20 specimen from the system to the process tool. 

1629. The methoc of claim 1583, wherein the stage and the measurement device are 

coupled to a process tool, the method further comprising controlling a wafer handler to 
1 

move the specimen from the process tool to the stage such that at least the two properties 

\ 

25 of the specimen can be determined while the specimen is waiting between process steps. 


1630. The method of claim 1583, wherein the stage and the measurement device are 
coupled to a procjess tool, wherein the process tool comprises a support device configured 
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to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 

1631. The method of claim 1583, wherein the stage and the measurement device are 


coupled to a proc 
to support the sp 


ss tool, wherein the process tool comprises a support device configured 
cimen during a process step, and wherein an upper surface of the stage 


is angled with resjpect to an upper surface of the support device. 

1632. The method of claim 1583, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 


1633. The method of claim 1 583, wherein the stage and the measurement device are 


disposed within a m 


asurement chamber, and wherein the measurement chamber is 


disposed within a process tool. 


1634. The methodToY-filaim 1583, wherein the stage and the measurement device are 
disposed within a n easurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 

I 

1635. The methoc: of claim 1583, wherein the stage and the measurement device are 
disposed within a r leasurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of a process tool. 


1636. The methop of claim 1583, further comprising disposing the specimen upon a 
support device disposed within a process chamber of a process tool, and wherein the 
support device is Configured to support the specimen during a process step. 
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1637. The method of claim 1636, further comprising controlling the illumination system 
and controlling the detection system during the process step. 

1638. The method of claim 1637, further comprising controlling the system to obtain a 
signature characterizing the tirocess step, wherein the signature comprises at least one 
singularity representative of an end of the process step. 


1639. The method of claim 1637, further comprising controlling the system to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using an in situ control technique. 

1640. The method of claim 1583, further comprising controlling the stage to move the 
specimen from a first process chamber to a second process chamber, wherein the first 
process chamber and the sepnd process chamber are disposed within a process tool 

! 

1641 . The method of claim 1640, further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to the second process chamber. 

rl 

1642. The method ofUapr/1583, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens. J 

1643. The method of claim 1583, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 
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1644. The method of claim 1641, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


1645. The method of claim 15J83, further comprising altering a sampling frequency of 
the measurement device in resr onse to at least one of the determined properties of the 


specimen. 

1646. The method of claim 1 
instruments coupled to the measurement 
determined properties using a 


83, further comprising altering a parameter of one or more 
device in response to at least one of the 
feedback control technique. 


1 647. The method of claim 1 : 583, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedforward control technique. 

1648. The method of claim 1583, further comprising generating a database, wherein the 
database comprises the determined first, second, and third properties of the specimen. 


1 649. The method of claim/l 648, further comprising calibrating the measurement device 
using the database. 


1650. The method of claim 1648, further comprising monitoring output signals of the 

j 

measurement device using/the database. 


1651 . The method of claim 1648, wherein the database further comprises first, second, 
and third properties of a plurality of specimens. 
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,652 The method of c.aim 1648, wherein the firs,, second, and third properties of the 
plurality of specimens are gLrated using a plurality of measurement devtces. 

,653. The method of c.ai Jl652, further comprising calibrating the plurality of 
measurement devices using the database. 

,654. The method of ctaim|«2. further comprising monitoring output signals of the 
plurality of measurement devices using the database. 

,655 The method of claim L. wherein a stand a.one system is coupled to the system, 
the method further comprisinl controUing the stand alone system to caHbrate the stand 
alone system with a calibrator, standard and further controlHng the stand alone system to 
calibrate the system. 

1656 The method of claim ik wherein a stand alone system is coupled to the system 
and at least one additional syjm, the method further comprising controlling the stand 

'alone system with a calibration standard and further 


alone system to calibrate th 
controlling the stand alone system to 
system. 


calibrate the system and at least the one additional 


20 


1657. The method of claim 1 
at least the two properties oft! 


25 


one parameter of one or more 
one of the d< 
specimen to 


/ 


83, wherein the system is further configured to determine 
k specimen at more than one position on the specimen, and 


* ™*f>r the method further comprising altering at least 
wherein the specimen comprises a water, the metnou y 

instruments coupled to a process tool in response to at least 

one of the determined properties of the specimen at the more than one position on the 
reduce within Ifer variation of at least one of the determined properties. 
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1 658. The method of claim 1583, further comprising altering a parameter of one or more 
instruments coupled to a process to|>l in response to at least one of the determined 
properties of the specimen using a feedback control technique. 

1659. The method of claim 1583, further comprising altering a parameter of one or more 
instruments coupled to a process tdol in response to at least one of the determined 


properties of the specimen using a 


1660. The method of claim 1583, 


feedforward control technique. 


further comprising monitoring a parameter of one or 


more instruments coupled to the process tool 


1 66 1 . The method of claim 1 660, 


further comprising determining a relationship between 


the determined properties and at least one of the monitored parameters. 


1662. The method of claim 166L further comprising altering a parameter of at least one 
of the instruments in response to/the relationship. 


1 663. The method of claim/^83, farther comprising altering a parameter of one or more 
instruments coupled to a pluraut^f process tools in response to at least one of the 
determined properties of the specimen. 


1664. The method of claim 1583, wherein processing the one or more output signals 
comprises: 


at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 
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sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 

further processing the part ally processed one or more output signals using the 
remote controller compute \ 

1 665. The method of claim 1 664, wherein at least partially processing the one or more 
output signals comprises determining the first, second, and third properties of the 
specimen. 

1 666. The method of claim 1 664, [wherein further processing the partially processed one 
or more output signals comprises determining the first, second, and third properties of the 

specimen. j 

t 
t 

1667. A semiconductor device fabricated by a method, the method comprising: 

j 

j 

forming a portion of the semiconductor device upon a specimen; 

* 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, an^wherein the measurement device comprises an 
illumination system and affection system; 

directing energy toward a [surface of the specimen using the illumination system; 


detecting energy propagating from the surface of the specimen using the detection 
system; j 

i 

I 

generating one or more output signals responsive to the detected energy; and 
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processing the one 


property, and a third property of the specimen, wherein the first property 


comprises a critical 


r more output signals to determine a first property, a second 


dimension of the specimen, wherein the second property 


comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the specimen. 

1668. The device of clairij 1667, wherein the illumination system comprises a single 
energy source. 


1669. The device of claipi 1667, wherein the illumination system comprises more than 
one energy source. 

1670. The device of claim 1667, wherein the detection system comprises a single energy 
sensitive device. 

1671 . The device of cm m 1667, wherein the detection system comprises more than one 
energy sensitive device 

i 

1672. The device of maim 1667, wherein the measurement device is selected from the 
group consisting of a^non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, a bright/field imaging device, a dark field imaging device, a bright field and 
dark field imaging ( device, a non- imaging bright field device, a non- imaging dark field 

device, a non-imaging bright field and dark field device, an ellipsometer, a spectroscopic 

// 

ellipsometer, a dual beam spectrophotometer, and a beam profile ellipsometer. 
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1673. The device of clainl 1667, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright field and dark field imaging device, a non-imaging 


bright field device, a non- 
field device, an ellipsome 
spectrophotometer, and a 


maging dark field device, a non-imaging bright field and dark 
er, a spectroscopic ellipsometer, a dual beam 
beam profile ellipsometer. 


1 674. The device of claim 
least a first measurement 
elements of the first measurement 
measurement device. 


1667, wherein the measurement device further comprises at 
device and a second measurement device, and wherein optical 
device comprise optical elements of the second 


1675. The device of cl^im 1667, wherein the defects comprise micro defects and macro 
defects. 



1676. The device of cjlaim 1667, wherein the defects comprises micro defects or macro 
20 defects. 


1677. The device o|claim 1667, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 


25 1678. The device of claim 1667, wherein the defects comprise macro defects on a back 
side of the specimep, and wherein the macro defects comprise copper contamination. 
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1 679. The device of claim 1667, further comprising processing the one or more output 
signals to determine a fourth/property of the specimen, wherein the fourth property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 

1 680. The device of claim 1 679, wherein the stage and the measurement device are 


coupled to a process tool selected from the group consisting of a lithography tool, an 

I 

atomic layer deposition tqol, a cleaning tool, and an etch tool. 


ft 

1681. The device of claim 1 667, further comprising: 


directing energy /toward a bottom surface of the specimen; and 


detecting energy propagating from the bottom surface of the specimen, wherein 
the second property comprises a presence of defects on the bottom surface of the 
specimen. 


1682. The device mckdm 1681, wherein the defects comprise macro defects. 


1683. The device of claim 1667, wherein the measurement device further comprises 
non-optical components, and wherein detecting energy comprises measuring a non- 
optical characteristic of the surface of the specimen. 


1684. The device of claim 1667, wherein the measurement device further comprises at 
least an eddy ciyrrent device and a spectroscopic ellipsometer. 
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1685. The device of claim 1667, wherein the measurement device further comprises at 
least an eddy current device arid a spectroscopic ellipsometer, and wherein the 
measurement device is further coupled to an atomic layer deposition tool. 

1686. The device of claim/1667, wherein the stage and the measurement device are 
coupled to a process tool. 

1687. The device of ckJpn 1667, wherein the stage and the measurement device are 
coupled to a process tool, land wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, and a deposition tool. 

1688. A method for fabricating a semiconductor device, comprising: 

forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
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comprises a critical dimension of the specimen, wherein the second property 
comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the portion of the specimen. 


1689. The method offclaim 1688, wherein the illumination system comprises a single 
energy source. 

1690. The method of cljaim 1688, wherein the illumination system comprises more than 
one energy source. 

1691. The method of claipi 1688, wherein the detection system comprises a single 
energy sensitive device. 

1692. The method of clairr| 1688, wherein the detection system comprises more than one 
energy sensitive devices. 

1693. The method of claim \ 688, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometerl a spectroscopic reflectometer, a coherence probe 
microscope, a bright field imaging device, a dark field imaging device, a bright field and 
dark field imaging device, a ^^-imaging bright field device, a non-imaging dark field 
device, a non-imaging brighHi^ and dark field device, an ellipsometer, a spectroscopic 
ellipsometer, a dual beam spectrophotometer, and a beam profile ellipsometer. 


1694. The method of claim 16&8, wherein the measurement device further comprises at 
least a first measurement devic| and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 


scatterometer, a scatterometer, 


a spectroscopic scatterometer, a reflectometer, a 
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spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, 
a dark field imaging device, a bright field and dark field imaging device, a non-imaging 
bright field device, | non-imaging dark field device, a non-imaging bright field and dark 
field device, an ellirisometer, a spectroscopic ellipsometer, a dual beam 
spectrophotometer, and a beam profile ellipsometer. 

1 

1695. The method of claim 1688, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

1 696. The method of claim 1 688, wherein the defects comprise micro defects and macro 
defects. \ 

\\ 

1 697. The method of claim 1 688, wherein the defects comprises micro defects or macro 
defects. 

1698. The method of claim 1688, wherein the thin film characteristic comprises a 
thickness of a copper Almond wherein the defects comprise voids in the copper film 

(AJ 


1 699. The method of claim 1688, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 


1 700. The method of claim 1688, further comprising processing the one or more output 

IS 

signals to determine a fourth property of the specimen, wherein the fourth property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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1701. The method of claim 1 700, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

1702. The methodjof claim 1688, further comprising: 

directing enerfigy toward a bottom surface of the specimen; and 


detecting energy propagating from the bottom surface of the specimen, wherein 
the second praperty comprises a presence of defects on the bottom surface of the 


specimen. 


1703. The method of fclaim 1702, wherein the defects comprise macro defects. 


1704. The method of claim 1688, wherein the measurement device further comprises 


non-optical componen 


optical characteristic of the surface of the specimen. 


1705. The method o 
least an eddy current 

1706. The method o 
least an eddy current 
measurement device i 


s, and wherein detecting energy comprises measuring a non- 


1707. The method o 


coupled to a process ool 


claim 1688, wherein the measurement device further comprises at 
£vice and a spectroscopic ellipsometer. 


claim 1688, wherein the measurement device further comprises at 
( evice and a spectroscopic ellipsometer, and wherein the 
further coupled to an atomic layer deposition tool. 


claim 1688, wherein the stage and the measurement device are 


/ 
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1708. The method of claim 1688, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of aMiography tool, an etch tool, and a deposition tool. 


1709. A system configured to determine at least three properties of a specimen during 
use, comprising: 

a stage configured to support the specimen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 
specimen during use; and 

a detection system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals responsive to the detected energy during use; 

a local processor coupled to the measurement device and configured to at least 
partially process the one or more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote 
controller computer is configured to receive the at least partially processed one or 
more output signals and to determine a first property, a second property, and a 
third property of the specimen from the at least partially processed one or more 
output signals during use, wherein the first property comprises a critical 
dimension of the specimen, wherein the second property comprises a presence of 
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defects on the specimen, and wherein the third property comprises a thin film 
characteristic of the specimen. 


mil 709, 


1710. The system of claim jl 709, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, a coherence probe 
microscope, a bright field imaging device, a dark field imaging device, a bright field and 
dark field imaging device, a non-imaging bright field device, a non-imaging dark field 
device, a non-imaging bright field and dark field device, an ellipsometer, a spectroscopic 
ellipsometer, a dual beam spe ctrophotometer, and a beam profile ellipsometer. 

1711. The system of claim 1 709, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer! a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, ajpoherence probe microscope, a bright field imaging device, 
a dark field imaging device, 3$^ht field and dark field imaging device, a non-imaging 


bright field device, a non-imag? 
field device, and ellipsometer, !j 
spectrophotometer, and a beam 


ark field device, a non-imaging bright field and dark 
spectroscopic ellipsometer, a dual beam 
?rofile ellipsometer. 


1712. The system of claim 1 70 ?, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


1713. The system of claim l f 7f)9, wherein the defects comprise micro defects and macro 
defects. 
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1714. The system o| 
defects. 


claim 1709, wherein the defects comprises micro defects or macro 


1715. The system of claim 1709, wherein the thin film characteristic comprises a 
thickness of a copper ifilm, and wherein the defects comprise voids in the copper film. 


1716. The system of claim 1 709, wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 


1717. The system of claim 1709, wherein the remote controller computer is further 
configured to determine a fourth property of the specimen from the at least partially 
processed one or more output signals during use, and wherein the fourth property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 

1 718. The system of claim 1717, wherein the system is coupled to a process tool 


selected from the group 


consisting of a lithography tool, an atomic layer deposition tool, a 


cleaning tool, and anyguptool. 


1719. The system of claim 1709, wherein the illumination system is further configured 
to direct energy toward) a bottom surface of the specimen during use, wherein the 
detection system is further configured to detect energy propagating from the bottom 
surface of the specimen during use, and wherein the second property further comprises a 
presence of defects on the bottom surface of the specimen. 


1 720. The system of .claim 1719, wherein the defects comprise macro defects. 
V 
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1 721 . The system of claim 1 709, wherein the illumination system and the detection 


system comprise non-op 
to a non-optical characte 


ical components, and wherein the detected energy is responsive 
stic of the surface of the specimen. 


1 722. The system of claim 1 709, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer. 

1723. The system of claim 1709, wherein the measurement device further comprises at 
least an eddy current device and a spectroscopic ellipsometer, and wherein the system is 
coupled to an atomic layer deposition tool. 

1 724. The system of claim 1 709, wherein the remote controller computer is coupled to a 
process tool. 

i 

1 725. The system of claim 1 709, wherein the remote controller computer is coupled to a 

r 

process tool, and wherein the process tool is selected from a group consisting of a 
lithography tool, an etclupol, and a deposition tool. 


1726. The system of claim 1709, wherein the remote controller computer is coupled to a 
process tool, and whereinfthe remote controller computer is further configured to alter a 
parameter of one or more! instruments coupled to the process tool in response to at least 


one of the determined properties using a feedback control technique during use. 


i 


1727. The system of claim 1709, wherein the remote controller computer is coupled to a 

process tool, and wherein the remote controller computer is further configured to alter a 

t 

parameter of one or more instruments coupled to the process tool in response to at least 

| 

one of the determined properties using a feedforward control technique during use. 
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1 728. The system of claim 1 709, wherein the remote controller computer is coupled to a 
process tool, and Wherein the remote controller computer is further configured to monitor 
a parameter of one or more instruments coupled to the process tool during use. 


1 729. The system of claim 1 728, wherein the remote controller computer is further 

configured to determine a relationship between the determined properties and at least one 
j 

of the monitored parameters during use. 

1 730. The syster^of claim 1 729, wherein the remote controller computer is further 
configured to alter a parameter of at least one of the instruments in response to the 
relationship during use. 


1731. The system of claim 1 709, wherein the remote controller computer is coupled to a 

process tool, wherein the illumination system is further configured to direct energy 
1 

toward the surface of]the specimen during a process step, wherein the detection system is 
further configured to detect energy propagating from the surface of the specimen during 
the process step, ari^AVherein the remote controller computer is further configured to 
determine the first, se&md, and third properties of the specimen during the process step. 


1 732. The system of claim 1 73 1 , wherein the remote controller computer is further 
configured to obtain a signature characterizing the process step during use, and wherein 
the signature comprises at least one singularity representative of an end of the process 
step. i 

1 733. The system of claim 1 73 1 , wherein the remote controller computer is further 


configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least onej of the determined properties using an in situ control technique 
during use. 
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1734. The systeifl of claim 1709, wherein a process tool comprises a first process 
chamber and a seqjond process chamber, and wherein the stage is further configured to 
move the specime|i from the first process chamber to the second process chamber during 
use. 


1 735. The system -of claim 1 734, wherein the illumination system is further configured 
to direct energy toward the surface of the specimen during said moving, wherein the 

detection system is further configured to detect energy propagating from the surface of 

\ 

the specimen during ;said moving, and wherein the remote controller computer is further 
\ 

configured to determine the first, second, and third properties of the specimen during said 
moving. \ 


1736. The system of claim 1709, wherein the remote controller computer is further 


configured to compare 
properties of a plurality 


at least one of the determined properties of the specimen and 
of specimens during use. 


1 737. The system of c laim 1 709, wherein the remote controller computer is further 


configured to compare 
predetermined range 


at least one of the determined properties of the specimen to a 
the property during use. 


1 738. The system of claim 1 737, wherein the remote controller computer is further 


configured to generate 


an output signal if at least one of the determined properties of the 


specimen is outside of the predetermined range for the property during use. 


1 739. The system of [claim 1 709, wherein the remote controller computer is further 


configured to alter a ^ampling frequency of the measurement device in response to at least 
one of the determined properties of the specimen during use. 
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1740. The system of clilim 1709, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 
device in response to at/least one of the determined properties using a feedback control 
technique during use. 


1 741 . The system of claim 1 709, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 
device in response to at least one of the determined properties using a feedforward control 
technique during use. 


1 742. The system of claim 1 709, wherein the remote controller computer is further 
configured to generate a database during use, wherein the database comprises the 
determined first, second, and third properties of the specimen. 


1743. The system of claim 1742, wherein the remote controller computer is further 
configured to calibrate the measurement device using the database during use. 


1744. The system of claim 1742, wherein the remote controller computer is further 
configured to monitjor output signals generated by measurement device using the database 
during use. 



1745. The system of claim 1742, wherein the database further comprises first, second, 
and third properties of a plurality of specimens. 


1746. The system of claim 1745, wherein the first, second, and third properties of the 
plurality of specimens are determined using a plurality of measurement devices. 
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1747. The system o 
coupled to the 


claim 1746, wherein the remote controller computer is further 
plurality of measurement devices. 


1748. The system o| claim 1747, wherein the remote controller computer is further 
configured to calibra^ the plurality of measurement devices using the database during 
use. 


1 749. The system of Jplaim 1 747, wherein the remote controller computer is further 
configured to monitorlbutput signals generated by the plurality of measurement devices 


using the database dur 


1 750. The system of 


ng use. 


im 1 709, wherein the remote controller computer is further 
coupled to a plurality bf measurement devices, and wherein each of the plurality of 
measurement devices fis coupled to one of a plurality of process tools. 


1 75 1 . A method for determining at least three properties of a specimen, comprising: 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals responsive to the detected energy; and 
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10 


processing the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
comprises a critical dimension of the specimen, wherein the second property 
comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the specimen, comprising: 

at least partially processing the one or more output signals using a local 
processor, wherein the local processor is coupled to the measurement 
device; 

sending the partially processed one or more output signals from the local 


processor to a remote controller computer; and 


further processing the partially processed one or more output signals using 
1 5 the remote controller computer. 

\ 

1 752. The method of claim 1751, wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, aVeflectometer, a spectroscopic reflectometer, a coherence probe 
20 microscope, a bri'ght field imaging device, a dark field imaging device, a bright field and 
dark field imaging device, a non-imaging bright field device, a non-imaging dark field 

device, a non-imaging bright field and dark field device, an ellipsometer, a spectroscopic 

\ 

ellipsometer, a duaj beam spectrophotometer, and a beam profile ellipsometer. 

25 1753. The method JoT claim 1751, wherein the measurement device further comprises at 

least a first measurement device and a second measurement device, and wherein the first 

1- 

and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
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spectroscopic reflectonfeter, a coherence probe microscope, a bright field imaging device, 
a dark field imaging deUce, a bright field and dark field imaging device, a non-imaging 
bright field device, a non-imaging dark field device, a non-imaging bright field and dark 
field device, an ellipso neter, a spectroscopic ellipsometer, a dual beam 
spectrophotometer, and a beam profile ellipsometer. 


10 


1754. The method of claim 1 75 1 , wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


Q 

# 
y i 

"14 


20 


1755. The method of i 
defects. 


aim 1751, wherein the defects comprise micro defects and macro 


15 1756. The method ^ ai 


defects. 

1757. The method 
thickness of a copper 


aim 1751, wherein the defects comprises micro defects or macro 


of cillaim 1751, wherein the thin film characteristic comprises a 
, and wherein the defects comprise voids in the copper film. 


1758. The method ofjclaim 1 75 1 , wherein the defects comprise macro defects on a back 
side of the specimen, and wherein the macro defects comprise copper contamination. 

1 759. The method of claim 1751, further comprising processing the one or more output 
25 signals to determine a fourth property of the specimen, wherein the fourth property is 

selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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1760. 1 The method of claim 1759, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomicllayer deposition tool, a cleaning tool, and an etch tool. 

1761. The method of claim 1751, further comprising: 

directing energy toward a bottom surface of the specimen; and 

defecting energy propagating from the bottom surface of the specimen, wherein 
theisecond property comprises a presence of defects on the bottom surface of the 
specimen. 

\ 

1762. The method of claim 1761, wherein the defects comprise macro defects. 

\ 

1 763 . The method of claim 1751, wherein the measurement device further comprises 
non-optical components, and wherein detecting energy comprising measuring a non- 
optical characteristic of the specimen. 



1 764. The method ofclaim 1 75 1 , wherein the measurement device further comprises at 


least an eddy current dWice and a spectroscopic ellipsometer. 

V 

1 765. The method of clLim 1 75 1 , wherein the measurement device further comprises at 

least an eddy current device and a spectroscopic ellipsometer, and wherein the 

\ 

measurement device is further coupled to an atomic layer deposition tool. 


1 766. The method of claim 1751, wherein the remote controller computer is coupled to a 
process tool. ^ 
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10 


1767. Tie method of claim 1751, wherein the remote controller computer is coupled to a 
process tool, and wherein the process tool is selected from the group consisting of a 
lithograp ly tool, an etch tool, and a deposition tool. 

5 1 768. T le method of claim 1 75 1 , wherein the remote controller computer is coupled to a 
process tool, the method further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to at least [one of the determined properties of the specimen using a feedback control 
technique.! 

1769. Theimethod of claim 1751, wherein the remote controller computer is coupled to a 
process tool|the method further comprising altering a parameter of one or more 

instruments coupled to the process tool using the remote controller computer in response 

\ 

to at least one^of the determined properties of the specimen using a feedforward control 
15 technique. 


20 


1! 

1770. The method of claim 1751, wherein the remote controller computer is coupled to a 
process tool, theimethod further comprising monitoring a parameter of one or more 
instruments coupled to^he process tool using the remote controller computer. 

'1/ 

1771. Th^i^thdfr of claim 1 770, further comprising determining a relationship between 
the determined properties and at least one of the monitored parameters using the remote 
controller computer. 


25 1772. The method of claim 1771, further comprising altering a parameter of at least one 
of the instruments In response to the relationship using the remote controller computer. 
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1773.1 The method of claim 1751, wherein the illumination system and the detection 
system are coupled to a process chamber of the process tool, the method further 
comprising performing said directing and said detecting during a process step. 

5 1 774. The method of claim 1 773, further comprising obtaining a signature 

characterizing the process step using the remote controller computer, wherein the 
signature comprises at least one singularity representative of an end of the process step. 

\ 

Ml r 5. Tlie method of claim 1773, further comprising altering a parameter of one or more 
1 0 instruments coupled to the process tool using the remote controller computer in response 
to at least one of the determined properties using an in situ control technique. 

1 776. The method of claim 1751, further comprising: 


01 15 moving the specimen from a first process chamber to a second process chamber 

rj"s 

I usmgjhe stage; and 


performiag^said directing and said detecting during said moving the specimen. 

20 1 777. The method of claim 1751, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens using the remote controller computer. 

1 778. The method of claim 1 75 1 , further comprising comparing at least one of the 

25 determined properties of the specimen to a predetermined range for the property using the 

if 

remote controller computer. 

k 
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1779. The metfiod of claim 1778, further comprising generating an output signal using 
the remote controller computer if at least one of the determined properties of the 
specimen is outride of the predetermined range for the property. 


1 780. The metnod of claim 1751, wherein the remote controller computer is coupled to 
the measurement device. 

I 

1781. The method of claim 1780, further comprising altering a sampling frequency of 
the measurementidevice using the remote controller computer in response to at least one 
of the determined! properties of the specimen. 


1 782. The method of claim 1 780, further comprising altering a parameter of one or more 
instruments coupled to the measurement device using the remote controller computer in 
response to at leastone of the determined properties using a feedback control technique. 

v 

\ 

1783. The method 5 of claim 1780, further comprising altering a parameter of one or more 
instruments coupled to the measurement device using the remote controller computer in 
response to at least one of the determined properties using a feedforward control 
technique. 



1 784. The mVhg^dpclaim 1751, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first, second, 
and third properties of the specimen. 


1 785. The metho'd of claim 1 784, further comprising calibrating the measurement device 

using the database and the remote controller computer. 

li 
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1 786. The method of claim 1 784, further comprising monitoring output signals of the 
measurement de\ ice using the database and the remote controller computer. 


1787. The method of claim 1784, wherein the database further comprises first, second, 
and third propert es of a plurality of specimens. 

1 788. The method of claim 1 787, wherein the first, second, and third properties of the 
plurality of specimens are generated using a plurality of measurement devices. 

1789. The method of claim 1788, further comprising calibrating the plurality of 
measurement devices using the database and the remote controller computer. 

I 

1 790. The method of claim 1788, further comprising monitoring output signals of the 

plurality of measurement devices using the database and the remote controller computer. 

1 

1791. The methok of claim 1751, further comprising sending the at least partially 

i' 

processed one or more output signals from a plurality of local processors to the remote 
controller computer, wherein each of the plurality of local processors is coupled to one of 
a plurality of measurement devices. 

I 

1 792. The met|j^^^cl^hi 1 75 1 , further comprising altering a parameter of one or more 
instruments coupled to at least one of a plurality of process tools using the remote 
controller computer in response to at least one of the determined properties of the 
specimen. ^ 

1 793. A system configured to determine at least two properties of a specimen during 
use, comprising:^ 
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a stage confi *ured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 

j 

specimen during use; and 

I 

i 

a detection system coupled to the illumination system and configured to 
de,e|« energy propagating from the surface of the specimen during use, 

wheijein the measurement device is configured to generate one or more 
output signals responsive to the detected energy during use; and 

i 

i 

i 

a processor coupled to the measurement device and configured to determine a first 
property and a second property of the specimen from the one or more output 
signals during use, wherein the first property comprises a presence of macro 
defects on the specimen, and wherein the second property comprises a presence of 
micro defects on the specimen. 

1 794. The system of claim 1 793, wherein the stage is further configured to move 
laterally duri^g^i^^^ 

1795. The system of claim 1793, wherein the stage is further configured to move 

rotatably during use. 

j, 
I 

1796. The sys/em of claim 1793, wherein the stage is further configured to move 
laterally and r|tatably during use. ^ 
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1 797. The system of cli 
energy source. 


m 1793, wherein the illumination system comprises a single 


1798. The system of cl^im 1793, wherein the illumination system comprises more than 
one energy source. 


1799. The system of claim 1793, wherein the detection system comprises a single energy 
sensitive device. I 


1 800. The system of c 
energy sensitive devices 


aim 1793, wherein the detection system comprises more than one 


1 801 The system of claim 1 793, wherein the measurement device further comprises a 


non-imaging scatterometer. 


1 802. The system oficlaim 1793, wherein the measurement device further comprises a 

scatterometer. j 

if 

/ 

1 803. The system of claim 1 793, wherein the measurement device further comprises a 


spectroscopic^sc^tterometer. 



1804. The system oTclaim 1793, wherein the measurement device further comprises a 
reflectometer. j 

I 

i 

1 805. The system of claim 1 793, wherein the measurement device further comprises a 
spectroscopic^eflectometer. 
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1806. The system of blaim 1793, wherein the measurement device further comprises an 
ellipsometer. 


1807. The system of claim 1793, wherein the measurement device further comprises a 


spectroscopic ellipsomi 


*ter. 


1808. The system of claim 1793, wherein the measurement device further comprises a 


bright field imaging device 


1 809. The system of claim 1 793, wherein the measurement device further comprises a 
dark field imaging device. 


1810. The system of claim 1793, wherein the measurement device further comprises a 
bright field and dark fiJld imaging device. 


1811. The system of claim 1793, wherein the measurement device further comprises a 

f 

non-imaging bright field device. 

I 

1812. The system of claim 1793, wherein the measurement device further comprises a 
non-imaging dark fielci device. 



1813. The system ofoaim 1 793, wherein the measurement device further comprises a 

I 

non-imaging bright field and dark field device. 


1814. The system/of claim 1793, wherein the measurement device further comprises a 
double dark field device. 
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1815. The system of claim 1793, wherein the measurement device further comprises at 


least a first measurement 
and second measurement 
scatterometer, a scatteroi 


evice and a second measurement device, and wherein the first 
evices are selected from the group consisting of a non-imaging 
ter, a spectroscopic scatterometer, a reflectometer, a 


spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field 


imaging device, a dark field imaging device, a bright field and dark field imaging device, 

fi 

a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright 
field and dark field device, a double dark field device, an X-ray reflectometer, an X-ray 
fluorescence device, an optical fluorescence device, an eddy current imaging device, and 
a relatively large spot e-beam device. 

1816. The system of claim 1 793, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

1817. The system of claim 1 793, wherein the processor is further configured to 
determine a third property 'from the one or more output signals during use, wherein the 
third property comprises i\ thickness of a copper film, and wherein the macro defects or 
the micro defects comprise voids in the copper film. 


1818. Thesyste: 
contamination on 



793, wherein the macro defects comprise copper 
f the specimen. 


1819. The system of claim 1 793, wherein the processor is further configured to 

\\ 

determine a third property of the specimen from the one or more output signals during 

ji 

use, and wherein the third property is selected from the group consisting of a roughness of 
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O. 


25 


the specimen, a roughnessjof a layer on the specimen, and a roughness of a feature of the 
specimen. 


1 820. The system of c ^ a ^| a 1819, wherein the system is coupled to a process tool 
selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etchltool. 


1821. The system of claim 1793, wherein the illumination system is further configured 
to direct energy toward a bottom surface of the specimen during use, wherein the 

10 detection system is further configured to detect energy propagating from the bottom 
surface of the specimen during use, and wherein the first property further comprises a 
presence of macro defectjs on the bottom surface of the specimen. 

1822. The system of claim 1793, wherein the system is further configured to determine 
1 5 at least two properties of the specimen substantially simultaneously during use. 

') 

1823. The system of claim 1793, wherein the illumination system is further configured 


C? to direct energy to multiple locations on the surface of the specimen substantially 

q. simultaneously, and wherein the detection system is further configured to detect energy 

r: 20 propagating from the multiple locations on the surface of the specimen substantially 

simultaneously su<p that^ne or more of the at least two properties of the specimen can be 
determined at the multiple locations substantially simultaneously. 

/ 

1824. The system of claim 1793, wherein the system is coupled to a process tool. 


1825. The system ;of claim 1793, wherein the system is coupled to a process tool, and 

I! 

wherein the system! is disposed within the process tool. 
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1 826. The system of llaim 1 793 , wherein the system is coupled to a process tool, and 
wherein the system is arranged laterally proximate to the process tool. 


1827. The system of llaim 1793, wherein the system is coupled to a process tool, and 
wherein the process topi comprises a wafer handler configured to move the specimen to 
the stage during use. 

ji 

1828. The system of claim 1793, wherein the system is coupled to a process tool, and 
wherein the stage is configured to move the specimen from the system to the process tool 
during use. v 


1 829. The system of claim 1 793, wherein the system is coupled to a process tool, and 
wherein the stage is further configured to move the specimen to a process chamber of the 
process tool during use. 

1830. The system of claim 1793, wherein the system is coupled to a process tool, and 
wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 


1831. The system of claim 1 793, wherein the system is coupled to a process tool, 
wherein the process tool comprises a support device configured to support the specimen 
during a process sjiep^and wherein an upper surface of the support device is substantially 
parallel to an upjper surface of the stage. 

1 832. The system of c Pawn 1793, wherein the system is coupled to a process tool, 

wherein the process tool comprises a support device configured to support the specimen 

~i 

during a process stfep, and wherein an upper surface of the stage is angled with respect to 

/' 

an upper surface of the support device. 
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1 833. The system &f claim 1 793, wherein the system is coupled to a process tool, and 
wherein the process/tool is selected from the group consisting of a lithography tool, an 
etch tool, an ion implanter, a chemical-mechanical polishing tool, a deposition tool, a 
thermal tool, a cleaning tool, and a plating tool. 


ru 


1 834. The system of claim 1 793, wherein the system comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is coupled to a process 
10 tool. 


1835. The system of claim 1793, wherein the system comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 

measurement chimber, and wherein the measurement chamber is disposed within a 

! 

15 process tool. ! 


1 836. The system of claim 1 793, wherein the system comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measuremenphmber, and wherein the measurement chamber is arranged laterally 

20 proximate to^a process chamber of a process tool. 

1 837. The system of claim 1 793, wherein the system comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is arranged vertically 

25 proximate to a/process chamber of a process tool. 
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1838. The system ot claim 1793, wherein a process tool comprises a process chamber, 
wherein the stage is aisposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 

5 1 839. The systemfof claim 1 838, wherein the processor is further configured to 

determine at least the first and second properties of the specimen during the process step. 

! 

1 840. The systenj of claim 1 839, wherein the processor is further configured to obtain a 
signature characterizing the process step during use, and wherein the signature comprises 

10 at least one singularity representative of an end of the process step. 

1 84 1 . The system of claim 1839, wherein the processor is coupled to the process tool 
and is further configured to alter a parameter of one or more instruments coupled to the 
process tool in response to at least one of the determined properties using an in situ 

1 5 control technique during use. 


1 842. The system of claim 1 793, wherein a process tool comprises a first process 
# chamber and a second process chamber, and wherein the stage is further configured to 

move the specimen from the first process chamber to the second process chamber during 
20 use. 


1 843. The system of claim 1 842, wherein the system is further configured to determine 
at least the two properties of the specimen as the stage is moving the specimen from the 


25 



first process^ambejrto the second process chamber. 


1 844. The system of claim 1793, wherein the processor is further configured to compare 


specimens during use 


at least one ofjthe determined properties of the specimen and properties of a plurality of 
in 

/ 
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1 845. The system of claim 1 793, wherein the processor is further configured to compare 
at least one of the det^bnined properties of the specimen to a predetermined range for the 
property during use. 

1 846. The system of claim 1 845, wherein the processor is further configured to generate 
an output signal if at feast one of the determined properties of the specimen is outside of 
the predetermined range for the property during use. 

1 847. The system of claim 1 793, wherein the processor is further configured to alter a 
sampling frequency of the measurement device in response to at least one of the 
determined properties of the specimen during use. 


1 848. The system of claim 1 793, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedback control technique during use. 


1849. The system of claim 1793, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedforward control technique during 
use. 


1850. The s^tenT^ claim ^'793, wherein the processor is further configured to generate 
a database dufine ufe. and therein the database comprises the determined first and 


second properties ojf tKespecimen. 


1851. The system of claim 1850, wherein the processor is further configured to calibrate 
the measurement device using the database during use. 
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1852. The system of claim I 850 5 wherein the processor is further configured to monitor 
the determined properties generated by measurement device using the database during 
use. / 


1853. The system of clai^i 1 850, wherein the database further comprises first and 
second properties of a plurality of specimens. 

1 854. The system of claim 1 853, wherein the first and second properties of the plurality 
1 0 of specimens are determined using the measurement device. 

1 855. The system of claim 1 853, wherein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices. 

1 5 1 856. The system of cl'aim 1855, wherein the processor is fiirther coupled to the plurality 
of measurement devices. 

/ 

1 857 The system of 'claim 1 856, wherein the processor is further configured to calibrate 
/ 

the plurality of measurement devices using the database during use. 

20 / 

1 858. The systgfi^f claim l'856, wherein the processor is further configured to monitor 
output signals^ei^tedj?/ the plurality of measurement devices using the database 
during use. 

25 1859. The system of claim 1793, further comprising a stand alone system coupled to the 
system, wherein the stand alone system is configured to be calibrated with a calibration 
standard durihg use, and wherein the stand alone system is further configured to calibrate 
the system during use. 
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1860. The system of claim 1 793, further comprising a stand alone system coupled the 

system and at least one additional system, wherein the stand alone system is configured to 

j 

be calibrated with a calibration standard during use, and wherein the stand alone system is 

5 further configured to calibratejthe system and at least the one additional system during 

j 

use. < 

i 
i 

i 

1861. The system of claim 1(793, wherein the system is further configured to determine 
at least the two properties of the specimen at more than one position on the specimen, 

10 wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of the determined; properties of the specimen at the more than one position on 
the specimen to reduce within wafer variation of at least one of the determined properties. 

1 5 1 862. The system of claim 1 793, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to alter a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 
properties using a feedback control technique during use. 


20 1 863. The system of claim 1 793, wherein the processor is further coupled to a process 
tool, and wherein the processor is 7 further configured to alter a parameter of one or more 
instruments coupled tcvttSpfe^ess tool in response to at least one of the determined 
properties using a feedforward control technique during use. 

/ 

25 1 864. The system ofilaim 1793, wherein the processor is further coupled to a process 

// 

tool, and wherein the' processor is further configured to monitor a parameter of one or 
more instruments coupled to the process tool during use. 
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1865. The system 
determine a relation 
of the monitored 


(|f claim 1864, wherein the processor is further configured to 
hip between at least one of the determined properties and at least one 
during use. 


par imeters < 


1 866. The system (jf claim 1 864, wherein the processor is further configured to alter a 
parameter of at least one of the instruments in response to the relationship during use. 

1 867. The system of claim 1 793, wherein the processor is further coupled to a plurality 
of measurement devices, and wherein at least one of the plurality of measurement devices 
is coupled to at least one of a plurality of process tools. 


1 868. The system of claim 1 793, wherein the illumination system and the detection 
system comprise non-optical components, and wherein the detected energy is responsive 
to a non-optical characteristic of the surface of the specimen. 


1 869. The system of claim 1 793, wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 
processor, wherein the local processor is configured to at least partially process the one or 
more output signals a^ringWse, and wherein the remote controller computer is configured 
to further processJ^|aU£ast partially processed one or more output signals during use. 


1 870. The system of claim 1 869, wherein the local processor is further configured to 
determine the first property and the second property of the specimen during use. 

/ 

1871. The system of claim 1 869, wherein the remote controller computer is further 
configured to determine the first property and the second property of the specimen during 
use. 
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disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy Joward a surface of the specimen using the illumination system; 

if. 

detecting energy propagating from the surface of the specimen using the detection 
system; \ 


generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a presence 
of macro defects on the specimen, and wherein the second property comprises a 
presence ofmTfcra defects on the specimen. 



1 873. The methqd ofmoimA 872, further comprising laterally moving the stage during 
said directing energy and said detecting energy. 

1 874. The method of claim 1 872, further comprising rotatably moving the stage during 
said directing energy and said detecting energy. 

1 875. The method of claim 1 872, further comprising laterally and rotatably moving the 
stage during said directing energy and said detecting energy. 

'* / 
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1876. The method of c 
energy source. 


aim 1872, wherein the illumination system comprises a single 


1877. The method of c 'aim 1 872, wherein the illumination system comprises more than 
one energy source. 

1878. The method of claim 1872, wherein the detection system comprises a single 

energy sensitive device; 

f 
* 

1 879. The method of claim 1 872, wherein the detection system comprises more than one 
energy sensitive devices. 

1 880. The method of claim 1 872, wherein detecting light comprises detecting dark field 
light propagating along a dark field path from the surface of the specimen. 

1881. The method of claim 1 872, wherein the measurement device further comprises a 
non-imaging scatterometer. 



1 882. The mVljojJ^qf clami 1 872, wherein the measurement device further comprises a 
scatterometer. 

1883. The method of claim 1 872, wherein the measurement device further comprises a 

/ 

spectroscopic scatterometer. 

1 884. The method of claim 1 872, wherein the measurement device further comprises a 
reflectometer/ 
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1 885. The method offclaim 1 872, wherein the measurement device further comprises a 
spectroscopic reflectqfneter. 


1 886. The method qf claim 1 872, wherein the measurement device further comprises an 
ellipsometer. 


1887. The method of claim 1872, wherein the measurement device further comprises a 
spectroscopic ellipsJmeter. 


1 888. The method of claim 1 872, wherein the measurement device further comprises a 
bright field imaging device. 


1889. The method of claim 1872, wherein the measurement device further comprises a 
dark field imaging device. 


1 890. The method|of claim 1 872, wherein the measurement device further comprises a 
bright field and daijk field imaging device. 



1891. The methm o^claim 1 872, wherein the measurement device further comprises a 
non-imaging bri^ifield device. 


1892. The method of claim 1872, wherein the measurement device further comprises a 
non-imaging dark field device. 


1893. The method of claim 1872, wherein the measurement device further comprises a 
non-imagin^right field and dark field device. 
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1 894. The method of clai m 1 872, wherein the measurement device further comprises a 
double dark field device. 

1 895. The method of claim 1 872, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer! an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark field|imaging device, a bright field and dark field imaging device, 
a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright 
field and dark field device, a Rouble dark field device, an X-ray reflectometer, an X-ray 
fluorescence device, an optical fluorescence device, an eddy current imaging device, and 
a relatively large spot e-beam<device. 

1 896. The method of claim } 872, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


1 897. The method of clamp 872, further comprising: 

/ 
/ 

directing energy toward a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the first property further comprises a presence of macro defects on the bottom 
surface of the specimen. 
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1 898. The method of claim 1 872, further comprising processing the one or more output 
signals to determine a thickness of a copper film, and wherein the macro defects or the 
micro defects comprise voids in the copper film. 

1 899. The method of claim 1 872, wherein the macro defects comprise copper 

i 

contamination on a back side of the specimen. 

i 

1900. The method jpf claim 1 872, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 

1901 . The method 'of claim 1900, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 

'i 

1 902. The method of claim 1 872, wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 


1 903 . The Aethdd of claim 1872, further comprising directing energy toward multiple 



locations on tnesurfape of the specimen substantially simultaneously and detecting 

energy propagating from the multiple locations substantially simultaneously such that one 

// 

or more of the at least two properties of the specimen can be determined at the multiple 
1904. The method of claim 1872, wherein the stage and the measurement device are 

I 

coupled to a (process tool. 
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1 905. The method of cikim 1 872, wherein the stage and the measurement device are 
coupled to a process tool and wherein the stage and the measurement device are arranged 
laterally proximate to tHe process tool. 


1 906. The method of claim 1 872, wherein the stage and the measurement device are 
coupled to a process to 
within the process tool 


1 

coupled to a process tool, and wherein the stage and the measurement device are disposed 


1 907. The method of claim 1 872, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 
polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

1908. The method of claim 1872, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a wafer handler, and 
wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to th/stageWng the wafer handler. 



1 909. The method of clbim 1 872, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising moving the specimen to the 
process tool subsequent to said directing and said detecting using the stage. 

1910. The method >of claim 1 872, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising determining at least the two 
properties of the specimen while the specimen is waiting between process steps. 
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1911. The method of claim 1872, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substa itially parallel to an upper surface of the stage. 

1912. The method of claim 1872, wherein the stage and the measurement device are 

coupled to a process tool, wherein the process tool comprises a support device configured 

j 

to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to Jan upper surface of the support device. 


1913. The method of claim 1872, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool*. 

1914. The method of claim 1 872, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
disposed within a process tool. 

1915. The methodjrfcjaim 1872, wherein the stage and the measurement device are 
disposed within apieasureWient'chamber, and wherein the measurement chamber is 
arranged laterally pro^jiatfj/a process chamber of a process tool. 

1916. The method of claim 1872, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of a process tool. 


1917. The method of claim 1872, wherein disposing the specimen upon the stage 
comprises disposing the specimen upon a support device disposed within a process 
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chamber of a process tool, and wherein the support device is configured to support the 
specimen during a process step. 

1918. The method of claim |917, further comprising performing said directing and said 
detecting during the process step. 


1919. The method of claim 1917, further comprising obtaining a signature 
characterizing the process step, wherein the signature comprises at least one singularity 
representative of an end of the process step. 

I 

t 

1920. The method of claim ;1 917, further comprising altering a parameter of one or more 

\ 

instruments coupled to the process tool in response to at least one of the determined 

»- 

properties using an in situ control technique. 


1921 . The method of claim j 1 872, further comprising moving the specimen from a first 
process chamber to a second process chamber using the stage, wherein the first process 
chamber and the second protess chamber are disposed within a process tool. 



1922. The method of claim 1921/ further comprising performing said directing and said 
detecting during said movirrg*flie specimen from the first process chamber to the second 
process chamber. 


1 923 . The method of claim 1 872, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens. 


1924. The method <|f claim 1872, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 
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1925. The method of cHaim 1924, further comprising generating an output signal if at 
/I 

least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


1926. The method of claim 1 872, further comprising altering a sampling frequency of 

jj 

the measurement device in response to at least one of the determined properties of the 
specimen. 


1 927. The method of claim 1 872, further comprising altering a parameter of one or more 


instruments coupled tojthe measurement device in response to at least one of the 
determined properties Asing a feedback control technique. 

1 928. The method of ^plaim 1 872, further comprising altering a parameter of one or more 
instruments coupled tojthe measurement device in response to at least one of the 
determined properties using a feedforward control technique. 


1929. The method of claim 1872, further comprising generating a database, wherein the 
database comprises^ne determined first and second properties of the specimen. 

i 

1 930. The method ofplaim Jl 929, further comprising calibrating the measurement device 
using the database. , 


1 93 1 . The method of claim 1 929, further comprising monitoring output signals 
generated by the measurement device using the database. 


1932. The method of claim 1929, wherein the database further comprises first and 


second propertie^bf a plurality of specimens. 
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of specimens are generate* 


1933. The method of clai n 1932, wherein the first and second properties of the plurality 


using a plurality of measurement devices. 


1 934. The method of claim 1 933, further comprising calibrating the plurality of 

I 

measurement devices usijig the database. 

i 

1935. The method of claim 1933, further comprising monitoring output signals 

generated by the plurality of measurement devices using the database. 

u 

1936. The method of claim 1 872, wherein a stand alone system is coupled to the 
measurement device, the method further comprising calibrating the stand alone system 
with a calibration standard and calibrating the measurement device with the stand alone 
system. 

1937. The met^^oTcfeim 1 872, wherein a stand alone system is coupled to the 
measurement dpvice and at least one additional measurement device, the method further 


comprising calibrating tlje stand alone system with a calibration standard and calibrating 
the measurem 
alone system. 


the measurement device ^a^-least the one additional measurement device with the stand 


1938. The method of claim 1 872, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
parameter of one of more instruments coupled to a process tool in response to at least one 
of the determined properties of the specimen at the more than one position on the 
specimen to reduce^ within wafer variation of at least one of the determined properties. 


i 
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1939. The method of claim 1872, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedback control technique. 


lusin 


5 1 940. The method of clajm 1 872, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedforward control technique. 


1941. The method of claim 1 872, further comprising monitoring a parameter of one or 

10 more instruments coupled to the process tool. 

i 
t 

0 i 

yg 1 942. The method of claim 1 94 1 , further comprising determining a relationship between 

sffs at least one of the determined properties and at least one of the monitored parameters. 


yl 1 5 1 943. The method of claim 1 942, further comprising altering a parameter of at least one 

J 1 *" of the instrumen^inTe^^nse to the relationship. 

n 

* 1 1 \ / 

rU 1 944. The metl^xl oflclaim 1 872^further comprising altering a parameter of one or more 

p instruments coupled^iua^urality of process tools in response to at least one of the 
20 determined properties/of the specimen. 


1945. The method />f claim 1872, wherein the measurement device comprises non- 
// 

optical component^ and wherein detecting energy comprises measuring a non-optical 
characteristic of the surface of the specimen. 


1946. The metlpd of claim 1872, wherein processing the one or more output signals 
comprises: 
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at least partially processing th( 
wherein the local processor is 


one or more output signals using a local processor, 
coupled to the measurement device; 


sending the partially processe 1 one or more output signals from the local 


processor to a remote controll 

further processing the partial! 
remote controller computer. 

1 947. The method of claim 1 946, w 
output signals comprises determining 


computer; and 


processed one or more output signals using the 


lerein at least partially processing the one or more 
the first and second properties of the specimen. 


1 948. The method of claim 1 946, Wherein further processing the partially processed one 
or more output signals comprises delimiting the first and second properties of the 
specimen. 

1 949. A computer-implemented iriethod for controlling a system configured to 
determine at least two properties oflja specimen during use, wherein the system comprises 
a measurement device, comprising! 

controlling the measifrementdevice, wherein the measurement device comprises 
an illumination system a!Kf aWetyction system, and wherein the measurement 
device is coupled to a stage, comprising: 


controlling the illumination system to direct energy toward a surface of the 
specimen; 
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controlling the d 
surface of the 


sp( cimen 


generating one o 
and 


tection system to detect energy propagating from the 
and 


more output signals responsive to the detected energy; 


processing the one or more output signals to determine a first property and a 
second property of thefspecimen, wherein the first property comprises a presence 
of macro defects on the specimen, and wherein the second property comprises a 
presence of micro defects on the specimen. 

1950. The method of claim 1949, further comprising controlling the stage, wherein the 
stage is configured to support the specimen. 

1951. The method of clami 1 949, further comprising controlling the stage to laterally 
move the stage during said directing energy and said detecting energy. 

1952. The method of claim 1949, further comprising controlling the stage to rotatably 
move the stage during said directing energy and said detecting energy. 

1953. The method of (jlaim 1949, further comprising controlling the stage to laterally 
and rotatably moVe the/s>age during said directing energy and said detecting energy. 

1954. The method of claim 1 949, wherein the illumination system comprises a single 
energy source. 


1955. The method pf claim 1949, wherein the illumination system comprises more than 
one energy source. 
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1 956. The method of clairr 
energy sensitive device. 

1 957. The method of clain 
energy sensitive devices. 


1949, wherein the detection system comprises a single 


1949, wherein the detection system comprises more than one 


1958. The method of claim 1949, wherein the measurement device further comprises a 
non-imaging scatterometer. 


1959. The method of claiijn 1949, wherein the measurement device further comprises a 
scatterometer. 

1960. The method of claifhi 1949, wherein the measurement device further comprises a 
spectroscopic scatterometer. 


1 961 . The method of cl^im 1949, wherein the measurement device further comprises a 
reflectometer. 


1962. Them< claim 1949, wherein the measurement device further comprises a 

spectroscopic 


refr©G*dm\ter 


1963. The method of claim 1949, wherein the measurement device further comprises an 
ellipsometer. 


1964. The method of claim 1949, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 
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1 965. The method of claim 1 94f), wherein the measurement device further comprises a 
bright field imaging device. 


1 966. The method of claim 1 9|9, wherein the measurement device further comprises a 
5 dark field imaging device. 

1 967. The method of claim 1 9^9, wherein the measurement device further comprises a 
bright field and dark field imaging device. 


fr 

•saw. 
t » 


10 1968. The method of claim 1949, wherein the measurement device further comprises a 
non-imaging bright field device 


15 


1969. The method of claim 1 
non-imaging dark field device! 


►49, wherein the measurement device further comprises a 


1970. The method of claim 
non-imaging bright field and 

1971. The method of clair 
20 double dark field device. 


1949, wherein the measurement device further comprises a 
dark field device. 

1949, wherein the measurement device further comprises a 


1 972. The method ofclaiffM 949, wherein the measurement device further comprises at 
least a first measurem^fckJgtfice and a second measurement device, and wherein the first 
and second measurementldevfegsare selected from the group consisting of a non-imaging 
25 scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectomlter, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark field imaging device, a bright field and dark field imaging device, 
a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright 
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field and dark field device^ double dark field device, an X-ray reflectometer, an X-ray 
fluorescence device, an optical fluorescence device, an eddy current imaging device, and 
a relatively large spot e-bea n device. 

1973. The method of clair i 1949, wherein the measurement device further comprises at 
least a first measurement d< vice and a second measurement device, and wherein optical 
elements of the first measui ement device comprise optical elements of the second 
measurement device. 

1 974. The method of claiip 1 949, further comprising: 

controlling the illumination system to direct energy toward a bottom surface of the 
specimen; and 


controlling the detection system to detect energy propagating from the bottom 
surface of the specimen, wherein the first property comprises a presence of defects 
on the bottom surface of the specimen. 


1 975. The method of claim 1949, further comprising processing the one or more output 
signals to determine a thickness of a copper film, and wherein the macro defects or the 
micro defects comprisgjk^ids in the copper film. 

1976. The methodNafj^ifaL949, wherein the macro defects comprise copper 
contamination on a ba£k side of the specimen. 


1977. The method of claim 1949, further comprising processing the one or more output 
signals to determines third property of the specimen, wherein the third property is 
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03 


Fit 

s y ■ 


selected from the group consisting j>f a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness off a feature of the specimen. 

1978. The method of claim \91TL wherein the stage and the measurement device are 
5 coupled to a process tool selectea from the group consisting of a lithography tool, an 

1979. The method of claim 1949, wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 

10 simultaneously determining the first and second properties of the specimen. 


25 


_ 1980. The method of claim 1 949, further comprising controlling the illumination system 

^ to direct energy toward multiple locations on the surface of the specimen substantially 

Us | 

SJ simultaneously and controlling the detection system to detect energy propagating from the 

SS31 U 

m 1 5 multiple locations substantially simultaneously such that one or more of the at least two 
properties of the specimen |an be determined at the multiple locations substantially 
simultaneously. 


1981. The method of clajtm 1949, wherein the stage and the measurement device are 
20 coupled to a process tool J 

1982. The method of£mim 1949, wherein the stage and the measurement device are 
coupled to a proj^ss toil, aAl wherein the stage and the measurement device are arranged 
laterally proximate^o^nfe process tool. 


1983. The method of claim 1949, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process/ool. 


Page 591 


Conley, Rose & Tayon 


afid 


1 984. The method of claiqi 
coupled to a process tool, 
consisting of a lithography 
polishing tool, a deposition 


1949, wherein the stage and the measurement device are 
wherein the process tool is selected from the group 
ool, an etch tool, an ion implanter, a chemical-mechanical 
tool, a thermal tool, a cleaning tool, and a plating tool. 


1985. The method of claim 1949, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage, and wherein the wafer handler is 
coupled to the process tool. 


1986. The method of claim 1949, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling the stage to move the 
specimen from the system io the process tool. 

1987. The method of claiin 1949, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage such that at least the two properties 
of the specimen can be determined while the specimen is waiting between process steps. 


1988. The method^efskim 1949, wherein the stage and the measurement device are 
coupled to a process tool Jkvherein tlje process tool comprises a support device configured 
to support the spebm^auring ^process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 


1989. The method of dflaim 1949, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 


i 
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to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 


1990. The method of claim |949, wherein the stage and the measurement device are 
disposed within a measure 
coupled to a process tool. 


disposed within a measurement chamber, and wherein the measurement chamber is 


1991 . The method of claim 
disposed within a measuremen: 
disposed within a process tool 


1949, wherein the stage and the measurement device are 
chamber, and wherein the measurement chamber is 


disposed within a measuremen 
arranged laterally proximate to 


1 992. The method of claim 1949, wherein the stage and the measurement device are 


; chamber, and wherein the measurement chamber is 
a process chamber of a process tool. 


1993. The method of claim 1(949, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 


arranged vertically pro: 


i 


to a process chamber of s process tool. 



1 994. The method of cISfTn 1^49, further comprising disposing the specimen upon a 
support device disposed within a^Focess chamber of a process tool, and wherein the 
support device is configured to support the specimen during a process step. 


1995. The method of claim 1994, further comprising controlling the illumination system 
and controlling the detection system during the process step. 
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1996. The method of claim 1995, further comprising controlling the system to obtain a 
signature characterizing the process step, wherein the signature comprises at least one 
singularity representative of an end of the process step. 


1997. The method of claim 
parameter of one or more 
one of the determined 


1995, further comprising controlling the system to alter a 
instruments coupled to the process tool in response to at least 
properties using an in situ control technique. 


1 998. The method of claim 1 949, further comprising controlling the stage to move the 
10 specimen from a first process chamber to a second process chamber, wherein the first 

process chamber and the second process chamber are disposed within a process tool. 

I 

1 999. The method of claim 1 998, further comprising controlling the illumination system 

i 

and controlling the detection system during said moving the specimen from the first 
1 5 process chamber to the second process chamber. 


fy- 


20 


2000. The method of claim 1949, further comprising comparing at least one of the 
determined properties|of the specimen and determined properties of a plurality of 
specimens. 

2001 . The method of clakx>949, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 


2002. The methoH of claim 200 1 , further comprising generating an output signal if at 
25 least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 
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2003. The method of claim 1949, further comprising altering a sampling frequency of 


the measurement device in respc 


nse to at least one of the determined properties. 


2004. The method of claim 1 9119, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedback control technique. 


2005. The method of claim 1949, further comprising altering a parameter of one or more 
instruments coupled to the meLsurement device in response to at least one of the- 
determined properties using aSfeedforward control technique. 

2006. The method of claim 1949, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 
method further comprising calibrating the measurement device using the database. 


2007. The method of claimj 1949, further comprising generating a database, wherein the 

// 

database comprises the determined first and second properties of the specimen, the 
method further comprising jmonitoring output signals generated by the measurement 
device using the database. 


2008. The method of claim 194.9, further comprising generating a database, wherein the 
database comprise^he jij#ermined first and second properties of the specimen, and 
wherein the database further comprises first and second properties of a plurality of 
specimens. j 


2009. The method oj claim 1949, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 
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wherein the database further comprises first and second properties of a plurality of 
specimens generated using a plurally of measurement devices. 

2010. The method of claim 2009' further compnsing calibrating the plurality of 
measurement devices using the database. 


201 1. The method of claim 20Q9, further comprising monitoring output signals 
generated by the plurality of measurement devices using the database. 

2012. The method of claim 1SW9, wherein a stand alone system is coupled to the system, 
the method further comprisingfcontrolling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. | 

20 1 3. The method of claim II 949, wherein a stand alone system is coupled to the system 
and at least one additional sjitem, the method further comprising controlling the stand 
alone system to calibrate thef stand alone system with a calibration standard and further 
controlling the stand alone system to calibrate the system and at least the one additional 
system. 


2014. The method of otaim 1$49, wherein the system is further configured to determine 
at least the two properties Sf the^ecimen at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
one parameter of one or more instruments coupled to a process tool in response to at least 
one of the determined properties of the specimen at the more than one position on the 
specimen to reduce witmn wafer variation of at least one of the determined properties. 
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2015. The method of claim 1949, ftirther comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedback control technique. 

2016. The method of claim 1949,|further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using ^ feedforward control technique. 

20 1 7. The method of claim 1 949, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool. 


201 8. The method of claim 19^49, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool and determining a relationship between at 
least one of the determined properties and at least one of the monitored parameters. 


2019. The method of claim |949, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool, determining a relationship between at least 
one of the determined properties and at least one of the monitored parameters, and 
altering a parameter of at least one of the instruments in response to the relationship. 


2020. The methodof^aim^l 949, further comprising altering a parameter of one or more 
instruments couppd to a plurality of process tools in response to at least one of the 
determined propertksjit^spjecimen. 

I 

2021. The method of cl aim 1949, wherein the measurement device comprises non- 
optical components, and wherein controlling the detection system to detect energy 
comprises controlling Ihe non-optical components to measure a non-optical characteristic 
of the surface of the specimen. 


Page 597 


Con ley, Rose & Tayon 


2022. The method of claim 
comprises: 


949, wherein processing the one or more output signals 


at least partially proce ssing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 


sending the partially 
processor to a remote 


processed one or more output signals from the local 
controller computer; and 


further processing th * partially processed one or more output signals using the 
remote controller computer. 


2023. The method of clairi 2022, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 


2024. The method of claim 2022, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 

2025. A semicor^^o^ i^ice fabricated by a method, the method composing: 
forming a portion of the semiconductor device upon a specimen; 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement dXice, and wherein the measurement device comprises an 
illumination system and a detection system; 
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directing energy tow* rd a surface of the specimen using the illumination system; 


10 


detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals in response to the detected energy; and 


processing the one or more output signals to determine a first property and a 
second property of jthe specimen, wherein the first property comprises a presence 
of macro defects on the specimen, and wherein the second property comprises a 
presence of micro defects on the specimen. 


15 


2026. The device of claim 2025, wherein the illumination system comprises a single 
energy source. 

2027. The device of claim 2025, wherein the illumination system comprises more than 
one energy source. 


2028. The device of claim 2025, wherein the detection system comprises a single energy 
20 sensitive device. 


25 


2029. Thedevice 
energy seri 



2025, wherein the detection system comprises more than one 


2030. The device of claim 2025, wherein the measurement device is selected from the 
. . L 

group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 


Page 599 


Conley, Rose & Tayon 


o 


y s 

01 

OB 


F3 i 

rl- 


bright field and dark field 
imaging dark field device, 
field device, an X-ray reflci 


maging device, a non-imaging bright field device, a non- 
a non-imaging bright field and dark field device, a double dark 
sctometer, an X-ray fluorescence device, an optical 
fluorescence device, an ecjdy current imaging device, and a relatively large spot e-beam 
device. 


203 1 . The device of claim 2025, wherein the measurement device further comprises at 


least a first measurement 
and second measurement- 


device and a second measurement device, and wherein the first 
devices are selected from the group consisting of a non-imaging 
10 scatterometer, a scatteronjieter, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark field imaging device, a bright field and dark field imaging device, 
a non-imaging bright fieM device, a non-imaging dark field device, a non-imaging bright 
field and dark field device, a double dark field device, an X-ray reflectometer, an X-ray 
15 fluorescence device, an cjptical fluorescence device, an eddy current imaging device, and 
a relatively large spot e-beam device. 

2032. The device of claim 2025, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
20 elements of the ffrst measurement device comprise optical elements of the second 
measurement devit 



2033. The device of elaim 2025, further comprising: 


25 


directing energy toward a bottom surface of the specimen; and 
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detecting energy propag 
the first property further 
surface of the specimen 


iting from the bottom surface of the specimen, wherein 
comprises a presence of macro defects on the bottom 


2034. The device of claim 2025, further comprising processing the one or more output 


signals to determine a thickness 


of a copper film, and wherein the macro defects or the 


micro defects comprise voids in the copper film 


2035. The device of claim 2025, wherein the macro defects comprise copper 
contamination on a back side of the specimen. 


2036. The device of claim 2025, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 

2037. The device of claim|2036, wherein the stage and the measurement device are 
coupled to a proce^o^Nglected from the group consisting of a lithography tool, an 
atomic layer deposition tool\a cleaning tool, and an etch tool. 


2038. The device o^daii^025/wherein the stage and the measurement device are 
coupled to a process tool j 


2039. The device of clajlm 2025, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 
polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 
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2040. The device of claim 202 5, wherein the measurement device comprises non-optical 
components, and wherein detec ing energy comprises measuring a non-optical 
characteristic of the surface of L specimen. 


2041. A method for fabricat^ig a semiconductor device, comprising: 

forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system! and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 



generating one or mpre output signals responsive to the detected energy; and 


processm^Aemaor more output signals to determine a first property and a 
second property of ms^pec^men, wherein the first property comprises a presence 
of macro defeats on the specimen, and wherein the second property comprises a 
presence of micro defects on the specimen. 


2042. The method pf claim 2041 , wherein the illumination system comprises a single 
energy source. 
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2043. The method of claim 2041,{wherein the illumination system comprises more than 
one energy source. 


2044. The method of claim 2041 , wherein the detection system comprises a single 
energy sensitive device. 


2045. The method of claim 2041, wherein the detection system comprises more than one 
energy sensitive devices. 


2046. The method of claim 2041, 
group consisting of a non-imaging 
scatterometer, a reflectometer, a sjj>< 


wherein the measurement device is selected from the 
scatterometer, a scatterometer, a spectroscopic 
ectroscopic reflectometer, an ellipsometer, a 


spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark field imaging device, a non-imaging bright field device, a non- 
imaging dark field device, a non-imaging bright field and dark field device, a double dark 
field device, an X-r^^e^cto^eler, an xVay fluorescence device, an optical 
fluorescence device, an eddy cur^nt imagi ig device, and a relatively large spot e-beam 
device. 


2047. The method of claim 204 1 , wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometeri a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, in ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark field imaging device, a bright field and dark field imaging device, 
a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright 
field and dark field device] a double dark field device, an X-ray reflectometer, an X-ray 
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fluorescence device, an optical fluorescence device, an eddy current imaging device, and 
a relatively large spot e-beam dewce. 


2048 . The method of claim 204 
least a first measurement device 


, wherein the measurement device further comprises at 
jind a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

2049. The method of claim 204 1 , further comprising 


directing energy towardja bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the first property further comprises a presence of macro defects on the bottom 
surface of the specimen. 

2050. The method o^claim|26)41 , further comprising processing the one or more output 
signals to determined thickne^of a copper film, and wherein the macro defects or the 
micro defects compn^voidp/m^e copper film. 

2051. The method of claim 204 1 , wherein the macro defects comprise copper 
contamination on a back side of the specimen. 


2052. The method of claim 204 1 , further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group Consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and afroughness of a feature of the specimen. 
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2053. The method of claim 2052, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


2054. The method of claim 204 1 , 
coupled to a process tool. 


wherein the stage and the measurement device are 


2055. The method of claim 2041 
coupled to a process tool, and wherein 
consisting of a lithography tool, an 
polishing tool, a deposition tool, a 


wherein the stage and the measurement device are 

the process tool is selected from the group 
etch tool, an ion implanter, a chemical-mechanical 
thermal tool, a cleaning tool, and a plating tool. 


2056. The method of claim 2041, wherein the measurement device comprises non- 
optical components, and wherein detecting energy comprises measuring a non-optical 
characteristic of the surface of the sjpecimen. 


2057. A system configured to determine at least two properties of a specimen during 
use, comprising: 


a stage configured 



specimen during use; 


a measurement devic^etmpled'To the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 
specimen during use; and 


a detection system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
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A 

\ 

wherein the measurement device is configured to generate one or more 
output signals responsive to the detected energy; 

a local processor coupled to the measurement device and configured to at least 
5 partially process the one or more output signals during use; and 


Bj 


r 8 * 


10 


to 


a remote controller 
controller computer is c 
more output signals and 
specimen from the at leasl 
use, wherein the first 
specimen, and wherein 
on the specimen. 


thfe 


15 2058. The system of claim 205 


20 


XI 

spectroscopic ellipsofneter, a brj 
bright field and dark\field imagr~ 


computer coupled to the local processor, wherein the remote 
oqfigured to receive the at least partially processed one or 
determine a first property and a second property of the 
partially processed one or more output signals during 
property comprises a presence of macro defects on the 

second property comprises a presence of micro defects 


wherein the measurement device is selected from the 
group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectQmeter^a spectroscopic reflectometer, an ellipsometer, a 

ght field imaging device, a dark field imaging device, a 
evice, a non-imaging bright field device, a non- 
imaging dark field devl^^no^ : !h*agmg bright field and dark field device, a double dark 
field device, an X-ray reflectometer, an X-ray fluorescence device, an optical 
fluorescence device, an eddy cjirrent imaging device, and a relatively large spot e-beam 
device. 


25 2059. The system of claim 2057, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement delices are selected from the group consisting of a non-imaging 


scatterometer, a scatteromet 


:r, a spectroscopic scatterometer, a reflectometer, a 
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spectroscopic reflectometer, -an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark fieldjimaging device, a bright field and dark field imaging device, 
a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright 
field and dark field device,. a double dark field device, an X-ray reflectometer, an X-ray 
fluorescence device, an optical fluorescence device, an eddy current imaging device, and 
a relatively large spot e-bealm device. 


2060. The system of claim 2057, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

206 1 . The system of claim 2057, wherein the illumination system is further configured 
to direct energy toward a bottom surface of the specimen during use, wherein the 
detection system is further configured to detect energy propagating from the bottom 
surface of the specimen during use, and wherein the first property further comprises a 
presence of macro defects on the bottom surface of the specimen. 

2062. The system J9f"claim205 7, wherein the remote controller computer is configured 
to determine a third property |rom the at least partially processed one or more output 
signals during useL whereinihe third property comprises a thickness of a copper film, and 
wherein the macro aefeefe ort^ieinicro defects comprise voids in the copper film. 


2063. The system of claim 2057, wherein the macro defects comprise copper 


contamination on a back side of the specimen, 


2064. The system of dlaim 2057, wherein the remote controller computer is further 
configured to determine a third property of the specimen from the at least partially 
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o 


1 

processed one or more output signals during use, and wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 


5 2065. The system of claim 2064, wherein the system is coupled to a process tool 

selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etch tool. 

2066. The system of claim! 2057, wherein the remote controller computer is coupled to a 
10 process tool. 


2067. The system of claim 2057, wherein the remote controller computer is coupled to a 
process tool, and wherein the process tool is selected from the group consisting of a 


lithography tool, an etch tool, an ion implanter, a chemical-mechanical polishing tool, a 


1 5 deposition tool, a thermal 


2068. The system 


:ool, a cleaning tool, and a plating tool. 


2057, ^herein the remote controller computer is coupled to a 
process tool, anef wherein' tfte remote controller computer is further configured to alter a 


20 


parameter of on 
one of the deter 


re instruments coupled to the process tool in response to at least 
Dperties using a feedback control technique during use. 


25 


2069. The system of claim 2057, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 
parameter of one or mLre instruments coupled to the process tool in response to at least 
one of the determinea properties using a feedforward control technique during use. 
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2070. The system of claim 2057, wherein the remote controller computer is coupled to a 


process tool, and wherein the 


remote controller computer is further configured to monitor 


a parameter of one or more instruments coupled to the process tool during use. 


207 1 . The system of claim 
configured to determine a relktionship 
and at least one of the monitored 


2072. The system of claim 
configured to alter a parameter 
relationship during use. 


070, wherein the remote controller computer is further 

between at least one of the determined properties 
parameters during use. 


2071, wherein the remote controller computer is further 
of at least one of the instruments in response to the 


2073. The system of claim 2057, wherein the remote controller computer is coupled to a 
process tool, wherein the ilk mination system is further configured to direct energy 
toward the surface of the specimen during a process step, wherein the detection system is 


further configured to, 


ergy propagating from the surface of the specimen during 


the process step, afod whereih tH^; remote controller computer is further configured to 
determine the fir& and second properties of the specimen during the process step. 


2074. The system of clain 
configured to obtain a signa' 


207 v wherein the remote controller computer is further 
|iture characterizing the process step during use, and wherein 
the signature comprises at Jeast one singularity representative of an end of the process 
step. 


2075. The system of claim 2073, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least one if the determined properties using an in situ control technique 
during use. 
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2076. The system of claim |057, wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 
move the specimen from the first process chamber to the second process chamber during 
use. 


2077 The system of claim 2076, wherein the illumination system is further configured 
to direct energy toward the surface of the specimen during said moving, wherein the 
detection system is further configured to detect energy propagating from the surface of 
the specimen during said mo\ ing, and wherein the remote controller computer is further 
configured to determine the first and second properties of the specimen during said 
moving. 

2078. The system of claim io57, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen and 
properties of a plurality of specimens during use. 


2079. The system of claim 


2057, wherein the remote controller computer is further 


configured to compare at least one of the determined properties of the specimen to a 
predetermined range for 



erty during use. 


erein the remote controller computer is further 


2080. The system of 

configured to generate anoutput signal if at least one of the determined properties of the 


specimen is outside of the, 


^redetermined range for the property during use. 


208 1 . The system of claim 2057, wherein the remote controller computer is further 
configured to alter a sampling frequency of the measurement device in response to at least 
one of the determined properties of the specimen during use. 
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2082. The system of claim] 2057, wherein the remote controller computer is further 
configured to alter a parame :er of one or more instruments coupled to the measurement 
device in response to at leas one of the determined properties using a feedback control 
technique during use. 


2083. The system of claim 2057, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 


device in response to at least 
technique during use. 


one of the determined properties using a feedforward control 


database 


2084. The system of claim 
configured to generate a 
determined first and second 
computer is further configured 
during use. 


;!057 ? wherein the remote controller computer is further 

during use, wherein the database comprises the 
] >roperties of the specimen, and wherein the remote controller 
to calibrate the measurement device using the database 


configured to genera 
determined first and second 
computer is further co 


2085. The system of claim 2057, wherein the remote controller computer is further 



se during use, wherein the database comprises the 
erties of the specimen, and wherein the remote controller 
monitor output signals generated by measurement 


device using the database during use. 


2086. The system of claim 2057, wherein the remote controller computer is further 
configured to generate a database during use, wherein the database comprises the 
determined first and second properties of the specimen, and wherein the database further 
comprises first and second properties of a plurality of specimens. 
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2087. The system of claim 20 57, wherein the remote controller computer is further 
configured to generate a databe se during use, wherein the database comprises the 
determined first and second properties of the specimen, and wherein the database further 
comprises first and second properties of a plurality of specimens determined using a 
plurality of measurement devices. 

2088. The system of claim 2087, wherein the remote controller computer is further 

coupled to the plurality of measurement devices, and wherein the remote controller 

f 

computer is further configured to calibrate the plurality of measurement devices using the 
database during use. 

2089. The system of claim 2087, wherein the remote controller computer is further 
coupled to the plurality of measurement devices, and wherein the remote controller 
computer is further configured to monitor output signals generated by the plurality of 
measurement devices using the database during use. 

2090. The system of claim ^057, wherein the remote controller computer is further 
coupled to a plurality oHjieaW^ement devices, and wherein each of the plurality of 
measurement devices is coupled to at least one of a plurality of process tools. 



2091 . The system of claim' 2057, wherein the remote controller computer is further 


coupled to a plurality of process tools, and wherein the remote controller computer is 

? 

further configured to alter a parameter of one or more instruments coupled to at least one 
of the plurality of process Jools during use. 


2092. The system of claim 2057, wherein the illumination system and the detection 
system comprise non-optical components, and wherein the detected energy is responsive 
to a non-optical characteristic of the surface of the specimen. 
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2093. A method for determining at least two properties of a specimen, comprising: 


measurement device, 


disposing the specimen upon a stage, wherein the stage is coupled to a 


ind wherein the measurement device comprises an 


illumination system ar .d a detection system; 


directing energy toward a surface of the specimen using the illumination system; 


10 


15 


20 


25 


detecting energy propagating from the surface of the specimen using the detection 

I 

system; 

generating one or more output signals responsive to the detected energy; and 


processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a presence 
of macro defects on the specimen, and wherein the second property comprises a 
presence of micro defects on the specimen, comprising: 

at least partially processing the one or more output signals using a local 
processor,ywherein tire local processor is coupled to the measurement 
device; 



sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 


further processing the partially processed one or more output signals using 

| / 

the remote controller computer. 
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2094. The method of claim 2093, wherein the measurement device is selected from the 
group consisting of a nonlimaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a 
spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a 
bright field and dark fieldjimaging device, a non-imaging bright field device, a non- 
imaging dark field device] a non-imaging bright field and dark field device, a double dark 
field device, an X-ray reflectometer, an X-ray fluorescence device, an optical 
fluorescence device, an e djdy current imaging device, and a relatively large spot e-beam 
device. 

2095. The method of claim 2093, wherein the measurement device further comprises at 
least a first measurement jievice and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 
spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field 
imaging device, a dark field imaging device, a bright field and dark field imaging device, 
a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright 
field and dark field device, a double dark field device, an X-ray reflectometer, an X-ray 
fluorescence devi^epfca optical fluorescence device, an eddy current imaging device, and 

T ^ 

a relatively large spot e-beam device. 

j 



2096. The methodjj'f clai}^2Q93, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


t / 

2097. The method/of claim 2093, further comprising: 


/ 
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directing energy tovSard a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
I 

5 the first property further comprises a presence of macro defects on the bottom 

surface of the specimen. 

2098. The method of claim 2093, further comprising processing the one or more output 
signals to determine a thickness of a copper film, and wherein the macro defects or the 

1 0 micro defects comprise vqids in the copper film. 

I 

2099. The method of claim 2093, wherein the macro defects comprise copper 
contamination on a back side of the specimen. 


2: 15 2 1 00. The method of claim 2093, further comprising processing the one or more output 
a signals to determine a third property of the specimen, wherein the third property is 

:|j selected from the group consisting of a roughness of the specimen, a roughness of a layer 

^ on the specimen, and a roughness of a feature of the specimen. 

20 2101. The method of claim 2 1 00, wherein the stage and the measurement device are 

f 

coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer cj^posit^n tqol, a cleaning tool, and an etch tool. 

2102. The method/ of claim 2093, wherein the remote controller computer is coupled to a 
25 process tool. 

/ 

2103. The method of claim 2093, wherein the remote controller computer is coupled to a 
process tool, and wherein the process tool is selected from the group consisting of a 
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lithography tool, an etch tool, an ion implanter, a chemical-mechanical polishing tool, a 
deposition tool, a thermal tooll a cleaning tool, and a plating tool. 

2104. The method of claim 2093, wherein the remote controller computer is coupled to a 
5 process tool, the method further comprising altering a parameter of one or more 

instruments coupled to the process tool using the remote controller computer in response 
to at least one of the determined properties of the specimen using a feedback control 
technique. j 

i 

10 2 1 05. The method of claim 2093, wherein the remote controller computer is coupled to a 
^ process tool, the method further comprising altering a parameter of one or more 

yg instruments coupled to the process tool using the remote controller computer in response 

to at least one of the determined properties of the specimen using a feedforward control 
technique. 

2106. The method of claim 2093, wherein the remote controller computer is coupled to a 
process tool, the method further comprising monitoring a parameter of one or more 
instruments coupled to the process tool using the remote controller computer. 


20 2 1 07. The method of claim 2093, wherein the remote controller computer is coupled to a 

I ' J / 

process tool, the method furtHwcomprising monitoring a parameter of one or more 


instruments coupled to the process tool using the remote controller computer and 
determining a relationship between at least one of the determined properties and at least 
one of the monitored parameters using the remote controller computer. 


2108. The method of claim 2093, wherein the remote controller computer is coupled to a 
process tool, the method further comprising monitoring a parameter of one or more 
instruments coupled to the process tool using the remote controller computer, determining 
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a relationship between at least 'one of the determined properties and at least one of the 
monitored parameters using the remote controller computer, and altering a parameter of at 
least one of the instruments in response to the relationship using the remote controller 
computer. 

2109. The method of claim 2093, wherein the illumination system and the detection 
system are coupled to a process chamber of a process tool, the method further comprising 

performing said directing and said detecting during a process step. 

I 

I 

2110. The method of claim 2 1 09, further comprising obtaining a signature 
characterizing the procesJstep using the remote controller computer, wherein the 

signature comprises at least one singularity representative of an end of the process step. 

i 
i 

2111. The method of claim 2 1 09, further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to at least one of the determined properties using an in situ control technique. 

2112. The method of claim 2093, further comprising: 

moving the specimen from a first process chamber to a second process chamber 


perfonin^^a^directing and said detecting during said moving the specimen. 

/ 

2113. The method of claim 2093, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens using the remote controller computer. 
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2114. The method of claim 2D93, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property using the 
remote controller compute/ 


2115. The method of clai: n 2114, further comprising generating an output signal using 
the remote controller comp uter if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property. 


2116. The method of cla$n 2093, wherein the remote controller computer is coupled to 
the measurement device. 


2117. The method of claim 2116, further comprising altering a sampling frequency of 
the measurement devicefusing the remote controller computer in response to at least one 
of the determined properties of the specimen. 

6, further comprising altering a parameter of one or more 
instruments coupled ko fhojn^asurement device using the remote controller computer in 
response to at least one of the determined properties using a feedback control technique. 


2119. The method of claim 2116, further comprising altering a parameter of one or more 
instruments coupled to the measurement device using the remote controller computer in 
response to at least one of the determined properties using a feedforward control 
technique. 


2120. The method of claim 2093, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 
second properties of the specimen. 
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2121. The method of claim 2093, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 
second properties of the specijnen, the method further comprising calibrating the 
measurement device using the remote controller computer and the database. 


2122. The method of clahn 2093, further comprising generating a database using the 


remote controller computer, wherein the database comprises the determined first and 
second properties of the specimen, the method further comprising monitoring output 
signals generated by the measurement device using the remote controller computer and 
10 the database. 


2123. The method of claim 2093, further comprising generating a database using the 
fZ remote controller computer, wherein the database comprises the determined first and 

Nj second properties of thl specimen, and wherein the database further comprises first and 

Qi 15 second properties of a/plurality of specimens. 


2124. The method ©f claim 2123, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices. 

20 2125. The method of claim 2 1 24, further comprising calibrating the plurality of 
measurement devices using the remote controller computer and the database. 

2126. TheVmetho^of claim, 2 1 24, further comprising monitoring output signals 
generated by th^ phkali^of measurement devices using the remote controller computer 

25 and the databasj 

2127. The Method of claim 2093, further comprising sending the at least partially 
processed One or more output signals from a plurality of local processors to the remote 
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controller computer, wherein each of|he plurality of local processors is coupled to a 
measurement device. 


2128. The method of claim 2 1 27, ft rther comprising altering a parameter of one or more 
instruments coupled to at least one of the plurality of measurement devices using the 
remote controller computer in response to at least one of the determined properties of the 


specimen. 


2 1 29. The method of claim 2 1 27/ wherein at least one of the plurality of measurement 
devices is coupled to one of a plurality of process tools. 


2130. The method of claim 2 1 29, further comprising altering a parameter of one or more 

/ 

instruments coupled to at least one of the plurality of process tools using the remote 
controller computer in respons^ to at least one of the determined properties of the 
specimen. 


2131. The method of claim' 2093 , wherein the measurement device comprises non- 
optical components, and wherein detecting energy comprises measuring a non-optical 

I 

characteristic of the surface of the specimen. 

2132. A system c^nfigur^djrf determine at least three properties of a specimen during 
use, comprising: 

a stage configured to support the specimen during use; 



ij 

a measurement device coupled to the stage, comprising: 
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an illumination system configured to direct energy toward a surface of the 
specimen during use; 


a detection system coupled to the illumination system and configured to 

t 

detect energy propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals responsive to the detected energy during use; and 


a processor coupled to the measurement device and configured to determine a first 
10 property, a second property!, and a third property of the specimen from the one or 

more output signals duringiuse, wherein the first property comprises a flatness 

measurement of the specimen, wherein the second property comprises a presence 

I 

of defects on the specimen, and wherein the third property comprises a thin film 


£1 characteristic of the specimen. 


ffl 2133. The system of claim 2132, wherein the stage is further configured to move 

^ laterally during use. , 


O 2134. The system of cla|m 213z, whprein the stage is further configured to move 

Q 

rr 20 rotatably during use. 

2135. The system of claim'2132, wherein the stage is further configured to move 
laterally and rotatably during use. 

/ 

25 2136. The system of claim 2132, wherein the illumination system comprises a single 
energy source. 
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2137. The system of claim 2132, wherein the illumination system comprises more than 
one energy source. 

2138. The system of claim 2 1 32, wherein the detection system comprises a single energy 

sensitive device. I 

// 

2139. The system of claim 2132, wherein the detection system comprises more than one 
energy sensitive devices. 

2 1 40. The system of claim 2 1 32^wherein the measurement device further comprises an 
optical profilometer. / 

/ 

2141. The system of claim 2132, wherein the measurement device further comprises an 
interferometer. / 


2142. The system of claim;2132, wherein the measurement device further comprises a 
spectroscopic reflectometeE 

/ 

2143. The system-etqlaim 2132, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 


2 144. The system of ; claiha*2 1 32, wherein the measurement device further comprises a 
dual beam spectrophotometer. 

!; 
/' 
// 

2145. The system of claim 2132, wherein the measurement device further comprises a 
beam profile ellipsometer. 

/ 
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2146. The system of claim 2132/wherein the measurement device further comprises a 
non-imaging scatterometer. 

2147. The system of claim 2l(32, wherein the measurement device further comprises a 

5 scatterometer. / 

f 

I 

2148. The system of claim 2132, wherein the measurement device further comprises a 
spectroscopic scatterometer: 

10 2 1 49. The system of claim 2132, wherein the measurement device further comprises a 
reflectometer. 


in 

SJ 2 1 50. The system of claim 2132, wherein the measurement device further comprises an 


15 


ellipsometer. 

2151. The system of claim 2132, wherein the measurement device further comprises a 
bright field imaging device. 


2 1 52. The^systett^f claim 21 32, wherein the measurement device further comprises a 
20 dark field amaging device. 

2153. The system of claim 2132, wherein the measurement device further comprises a 
bright field and dark field imaging device. 

25 2154. The system of claim 2132, wherein the measurement device further comprises a 


non-imaging bright field device. 
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2155. The system of claim 2132 
non-imaging dark field device. 

2156. The system of claim 2 1 3 2 
non-imaging bright field and dark! 


wherein the measurement device further comprises a 


wherein the measurement device further comprises a 
field device. 


/ 


2157. The system of claim 2132, wherein the measurement device further comprises a 
double dark field device. / 

10 2158. The system of claim 2^1 32, wherein the measurement device further comprises at 
least a first measurement deyice and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of an optical 
profilometer, an interferometer, a spectroscopic reflectometer, a spectroscopic 
ellipsometer, a dual beam ^spectrophotometer, a beam profile ellipsometer, a non-imaging 

1 5 scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 

ellipsometer, a bright field imaging device, a dark field imaging device, a bright field and 
dark field imaging device, a non-imaging bright field device, a non-imaging dark field 
device, a non-imaging^bright field and dark field device, and a double dark field device. 


20 2159. Thesyst- 
least a first me 



m 2132, wherein the measurement device further comprises at 
device and a second measurement device, and wherein optical 


elements of the first measurement device comprise optical elements of the second 


measurement device. 


25 2 1 60. The system of claim 2132, wherein the defects comprise micro defects and macro 
defects. / 
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2161. The system of claim 2/1 32, wherein the defects comprises micro defects or macro 
defects. 

2162. The system of claim 2132, wherein the thin film characteristic comprises a 
5 thickness of a copper film/and wherein the defects comprise voids in the copper film. 


2163. The system of claim 2132, wherein the defects comprise copper contamination on 
a back side of the specimen. 


25 


10 2 1 64. The system of claim 2 1 32, wherein the processor is further configured to 

determine a fourth property of the specimen from the one or more output signals during 

Q i 

y3 use, and wherein the fourth property is selected from the group consisting of a roughness 

~f ' of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 

y| / 
^4 the specimen. 

JE • ' : 

m 15 / 

w 2165. The system /of claim 2164, wherein the system is coupled to a process tool 

Q selected from the group consisting of a lithography tool, an atomic layer deposition tool, a 

£ } 

pj cleaning tool, and' an etch tool. 

/ 

™ 7 
D J 

N- . 20 2166. Th^system of claim 2132, wherein the illumination system is further configured 

f r\ 

to direct eijier^ to^vardf a bottom surface of the specimen during use, wherein the 

detection sysjeft^i further configured to detect energy propagating from the bottom 

surface of theipemmen during use, and wherein the second property further comprises a 
I / 

presence of defects on the bottom surface of the specimen. 


2167. The system of claim 2166, wherein the defects comprise macro defects. 
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2168. The system of claim 2132, wherein the illumination system and the detection 
system comprise non-optical components, and wherein the detected energy is responsive 
to a non-optical characteristic qf the specimen. 


5 21 69. The system of claim 2 1 32, wherein the system is further configured to determine 
at least the three properties of^he specimen substantially simultaneously during use. 

21 70. The system of claim 2132, wherein the illumination system is further configured 
to direct energy to multiple locations on the surface of the specimen substantially 
1 0 simultaneously, and wherein the detection system is further configured to detect energy 
Q propagating from the multiple locations on the surface of the specimen substantially 

simultaneously such that the first, second, and third properties of the specimen at the 
multiple locations can be determined substantially simultaneously. 


5. 
Uj 


01 


15 2171. The system of claim 2 1 32, wherein the system is coupled to a semiconductor 
fabrication process tool.. 


y 21 72. The system of claim 2132, wherein the system is coupled to a process tool, and 

wherein the syst^a=i^disposed within the process tool. 

20 

2173. The sysrmi of claim 2132, wherein the system is coupled to a process tool, and 
wherein the systen^sSraiged lateral!^ proximate to the process tool. 

2174. The system of claim 2132, wherein the system is coupled to a process tool, and 
25 wherein the procejss/tool comprises a wafer handler configured to move the specimen to 

the stage during 
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2175. The system of claim 2132, 
wherein the stage is configured to 
during use. 


|vherein the system is coupled to a process tool, and 
ove the specimen from the system to the process tool 


21 76. The system of claim 21 3p, wherein the system is coupled to a process tool, and 
wherein the stage is further configured to move the specimen to a process chamber of the 
process tool during use. 


2177. The system of claim 2132, wherein the system is coupled to a process tool, and 
wherein the system is further configured to determine at least the two properties of the 

specimen while the specimen is waiting between process steps. 

j 

21 78. The system of claim 2;132, wherein the system is coupled to a process tool, 
wherein the process tool comprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the support device is substantially 
parallel to an upper surface of the stage. 

1 

I 

2179. The system of claim 2132, wherein the system is coupled to a process tool, 

I 

wherein the process tool comprises a support device configured to support the specimen 
during a process step, andlwherein an upper surface of the stage is angled with respect to 
an upper surface of the support device. 


2180. The system of cftrim 2132, .Wherein the system is coupled to a process tool, and 
wherein the procLs tooj|is selected from the group consisting of a lithography tool, an 
etch tool, a chemical^ecfta^al polishing tool, and a thermal tool. 


2181. The system/>f claim 2 1 32, wherein the system further comprises a measurement 
chamber, whereinAhe stage and the measurement device are disposed within the 
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measurement chamber, and wherein the measurement chamber is coupled to a process 
tool. 

2182. The system of claim 2432, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is disposed within a 
process tool. 


2183. The system of claimi2 1 32, wherein the system further comprises a measurement 
chamber, wherein the stage /and the measurement device are disposed within the 
measurement chamber, andjwherein the measurement chamber is arranged laterally 
proximate to a process chamber of a process tool. 

2 1 84. The system of claim 2132, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, an'd wherein the measurement chamber is arranged vertically 
proximate to a process chamber of a process tool. 


2185. The system of cjaim 2132, wherein a process tool comprises a process chamber, 
wherein the stage is disposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 



. .. / 

2 1 86. The sy^e^fplaim 2185, wherein the processor is further configured to 
determine at least the three properties of the specimen during the process step. 

/ 

? / 

2187. The system^f claim 2 1 86, wherein the processor is further configured to obtain a 
signature characterizing the process step during use, and wherein the signature comprises 
at least one singi/larity representative of an end of the process step. 


Page 628 


Conley, Rose & Tayon 


2188. The system of claim 2 1 86, wherein the processor is further coupled to the process 
tool and is further configured to/alter a parameter of one or more instruments coupled to 
the process tool in response to at least one of the determined properties using an in situ 
control technique during use. / 

21 89. The system of claim 2132, wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 
move the specimen from the; first process chamber to the second process chamber during 
use. 


2190. The system of claim 2189, wherein the system is further configured to determine 
at least the three properties of the specimen as the stage is moving the specimen from the 
first process chamber to the second process chamber. 

2191. The system of claim 2132, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen and properties of a plurality of 
specimens during use. / 

2192. The system of clapn 2132, wherein the processor is further configured to compare 
at least one of the de!enriin^2Foperties of the specimen to a predetermined range for the 
property during use. 

2193. The system of claim 2192, wherein the processor is further configured to generate 
an output signal if at least one of the determined properties of the specimen is outside of 
the predetermined range for the property during use. 


Page 629 


Conley, Rose & Tayon 


Ujs 


2 1 94. The system of claim 2132, wheifein the processor is further configured to alter a 
sampling frequency of the measurement device in response to at least one of the 
determined properties of the specimen/during use. 

5 2195. The system of claim 2 1 32, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedback control technique during use. 

2 1 96 The system of claim 2132, ^herein the processor is further configured to alter a 
10 parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedforward control technique during 

a / 

%D use - / 

K 4 2 1 97. The system of claim 2132, wherein the processor is further configured to generate 

ffi 15a database during use, wherein the database comprises the determined properties of the 
specimen, and wherein the processor is further configured to calibrate the measurement 
device using the database during use. 


2198. The system of claim 2 132, wherein the processor is further configured to generate 
20 a database during use, wherein the database comprises the determined properties of the 
specimen, and whe^intf^ 'processors further configured to monitor output signals 
generated by measurqn^nf de vice using the database during use. 


2 1 99. The system of ; claim 2132, wherein the processor is further configured to generate 
25 a database during use, wherein the database comprises the determined properties of the 
specimen, and wherein the database further comprises first, second, and third properties 
of a plurality of specimens. 

J 
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2200. The system of claim 2199, wherein the first, second, and third properties of the 
plurality of specimens are determined using a plurality of measurement devices, wherein 
the processor is further coumed to the plurality of measurement devices, and wherein the 
processor is further configured to calibrate the plurality of measurement devices using the 

5 database during use. 

2201. The system of claim 2199, wherein the first, second, and third properties of the 
plurality of specimens are determined using a plurality of measurement devices, wherein 
the processor is further coupled to the plurality of measurement devices, and wherein the 

10 processor is further configured to monitor output signals generated by the plurality of 

i 

measurement devices using the database during use. 

o : 

^fl 2202. The system of claim 2132, further comprising a stand alone system coupled to the 

m 

Sj system, wherein the stand alone system is configured to be calibrated with a calibration 

4^ 15 standard during use, and w F herein the stand alone system is further configured to calibrate 
^ the system during use. 

Et 

if} 2203. The system of claim 2132, further comprising a stand alone system coupled the 

y system and at least one additional system, wherein the stand alone system is configured to 

20 be calibrated=^ith^aiibration standard during use, and wherein the stand alone system is 
further configured;' tw calibrate the system and at least the one additional system during 

use. / 

I 


2204. The system of claim 2132, wherein the system is further configured to determine 

25 at least the two properties of the specimen at more than one position on the specimen, 
j 

wherein the specimen comprises a wafer, and wherein the processor is configured to alter 

/ / 

at least one parameter of one or more instruments coupled to a process tool in response to 
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at least one of the determined properties of the specimen at the more than one position on 
the specimen to reduce within wafer Variation of at least one of the determined properties. 


2205. The system of claim 2132, v|herein the processor is further coupled to a process 

tool, and wherein the processor is further configured to alter a parameter of one or more 

I 

instruments coupled to the process tool in response to at least one of the determined 
properties using a feedback control technique during use. 


2206. The system of claim 2132, wherein the processor is further coupled to a process 
10 tool, and wherein the processor is further configured to alter a parameter of one or more 

instruments coupled to the process tool in response to at least one of the determined 
properties using a feedforward control technique during use. 

2207. The system of claim 2 132, wherein the processor is further coupled to a process 
1 5 tool, and wherein the processor is further configured to monitor a parameter of one or 

more instruments coupled to the process tool during use. 

/ 

2208. The system of claim 2207, wherein the processor is further configured to 

Q determine a relationship between at least one of the determined properties and at least one 

O / 

y, 20 of the monitored pajaoieters during use. 



2209. The system omagra jzOS,. wherein the processor is further configured to alter a 

/ 

parameter of at least one of the instruments in response to the relationship during use. 


25 22 1 0. The systerryof claim 2132, wherein the processor is further coupled to a plurality 
of measurement devices, and wherein at least one of the plurality of measurement devices 
is coupled to on a plurality of process tools. 
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22 1 1 . The system of claim 2132, wh Jein the processor is further coupled to a plurality 
of process tools, and wherein the processor is further configured to alter a parameter of 
one or more instruments coupled to $ least one of the plurality of process tools during 
use. 

/ 

2212. The system of claim 2132^/wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 
processor, wherein the local processor is configured to at least partially process the one or 
more output signals during use, arid wherein the remote controller computer is configured 

to further process the at least partially processed one or more output signals during use. 

j 

2213. The system of claim 2212, wherein the local processor is further configured to 
determine the first, second, and third properties of the specimen during use. 

22 1 4. The system of claim 22 12, wherein the remote controller computer is further 
configured to determine the first, second, and third properties of the specimen during use. 

22 1 5. A method for deterrnining at least three properties of a specimen, comprising: 


disposing the specimen upon a stage, wherein the stage is coupled to a 

measurement device, and wherein the measurement device comprises an 
illuminatiqp syskm and a detection system; 

I - 

directing energy; toward a surface of the specimen using the illumination system; 

1/ 

detecting energy propagating from the surface of the specimen using the detection 
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20 


/ 

generating one or more output signals responsive to the detected energy; and 


processing the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
comprises a flatness measurement of the specimen, wherein the second property 

comprises a presence of defects on the specimen, and wherein the third property 

/ 

comprises a thin film characteristic of the specimen. 


2216. The method of claim 2215, further comprising laterally moving the stage during 

I 

10 said directing energy and said detecting energy. 


22 1 7. The method of claim 22 1 5, further comprising rotatably moving the stage during 
Ln said directing energy and said detecting energy. 


15 22 1 8. The method of claim 22 1 5, further comprising laterally and rotatably moving the 
stage during said directing energy and said detecting energy. 

2219. The method of claim 2215, wherein the illumination system comprises a single 
ene^^^urci. 



hodj)f claim 2215, wherein the illumination system comprises more than 


2221. /The method of claim 2215, wherein the detection system comprises a single 
25 energy sensitive device. 

223L The method of claim 2215, wherein the detection system comprises more than one 
eneygy sensitive devices. 
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2223. The method of claim 2215, wherein the measurement device further comprises an 
optical profilometer. 


2224. The method of claim 221 5, wherein the measurement device further comprises an 


interferometer. 


2225. The method of claim 2215, wherein the measurement device further comprises a 

/ 

spectroscopic reflectometer. 

/ 

2226. The method of claim 22 1 5, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 


2227. The method of claim 2215, wherein the measurement device further comprises a 
dual beam spectrophotometer. 

2228. The methoc/of claim 22 1 5, wherein the measurement device further comprises a 
beam profile ellipsometer. 


2229. The method of claim 2215, wherein the measurement device further comprises a 
non-imagijfig scatterometer. 

/ 

2230. The method of claim 2215, wherein the measurement device further comprises a 
scatterometer. 


223 1 . The method of claim 221 5, wherein the measurement device further comprises a 
spectroscopic scatterometer. 
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2232. The method of claim 2215, wherein the measurement device further comprises a 
reflectometer. 

2233. The method of cl^im 2215, wherein the measurement device further comprises an 
5 ellipsometer. 


2234. The method of claim 221 5, wherein the measurement device further comprises a 
bright field imaging device. 


1 0 2235. The method of claim 22 1 5, wherein the measurement device further comprises a 
dark field imaging device. 


15 


2236. The method of claim 2215, wherein the measurement device further comprises a 
bright field and darJ field imaging device. 


ff\ 2237. The method of claim 22 1 5, wherein the measurement device further comprises a 

/ 

non-imaging bright field device. 


ry / 

2238. Theineshod of claim 2215, wherein the measurement device further comprises a 



20 non-imaging dark field device. 


2239. The method of claim 22 1 5, wherein the measurement device further comprises a 

/ 

non-imaging/bright field and dark field device. 

/ 

/ 

25 2240. The method of claim 2215, wherein the measurement device further comprises a 
double dark field device. 
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2241. The method of claim 2215, wherein the measurement device further comprises at 
least a first measurement deyice and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of an optical 


profilometer, an interferometer, a spectroscopic reflectometer, a dual beam 

/ 

spectrophotometer, a beam profile ellipsometer, a non-imaging scatterometer, a 

scatterometer, a spectroscopic scatterometer, a reflectometer, an ellipsometer, a bright 

t 

field imaging device, a dark field imaging device, a bright field and dark field imaging 
device, a non-imaging bright field device, a non-imaging dark field device, a non-imaging 
bright field and dark field device, and a double dark field device. 


2242. The method of) claim 2215, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


2243. The method of claim 2215, wherein the defects comprise micro defects and macro 
defects. 

2244. The method of claim 2215, wherein the defects comprises micro defects or macro 
defect 



2245. Ttemethod of claim 221 5, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 

2246. The method of claim 2215, wherein the defects comprise copper contamination on 


a back side of the specimen. 
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2247. The method of claim 2215, furthdf comprising processing the one or more output 
signals to determine a fourth property onthe specimen, wherein the fourth property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 


2248. The method of claim 2247, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


1 0 2249. The method of claim 22 1 5, further comprising: 


J3 directing energy toward a bottom surface of the specimen; and 

N detecting energy propagating from the bottom surface of the specimen, wherein 

J! 15 the second property comprises a presence of defects on the bottom surface of the 

03 

^ specimen. , 

Q / 

2250. The method of claim/2249, wherein the defects comprise macro defects. 


20 225 1 . The method ofi^aiim22 15, wherein the measurement device further comprises 
non-optical componenb^Lria^h^ein detecting energy comprises measuring a non- 
optical characteristic of the specimen. 


2252. The method of claim 2215, wherein processing the one or more output signals to 
25 determine the first, sefcond, and properties of the specimen comprises substantially 
simultaneously determining the first, second, and third properties of the specimen. 
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2253. The method of claim 2215, furmer comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 
energy propagating from the multiplejlocations substantially simultaneously such that the 
first, second, and third properties of the specimen at the multiple locations can be 
determined substantially simultaneously. 


2254. The method of claim 221 5, wherein the stage and the measurement device are 
coupled to a process tool. / 

/ 

2255. The method of claim 221 5 f , wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 


2256. The method of claim 2215, wherein the stage and the measurement device are 

/ 

coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tool. 


2257. The method ofclgim 2215, wherein the stage and the measurement device are 
coupled to a proces/tool, incKwherein the semiconductor fabrication process tool is 
selected from the g\^pcop^ting^of a lithography tool, an etch tool, a chemical- 
mechanical polishing tool, and a thermal tool. 

/ 

2258. The method of claim 2215, wherein the stage and the measurement device are 
coupled to a processibol, wherein the process tool comprises a wafer handler, and 
wherein disposingine specimen upon the stage comprises moving the specimen from the 
process tool to the stage using the wafer handler. 
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2259. The method of claim 2215, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising moving the specimen to the 
process tool subsequent to said direcnng and said detecting using the stage. 


2260. The method of claim 221 5j{ wherein the stage and the measurement device are 

coupled to a process tool, the method further comprising determining at least the two 

/ 

properties of the specimen while the specimen is waiting between process steps. 


2261 . The method of claim 221 5, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 

/ 

2262. The method of claim 221 5, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 

is angled with respect to y an upper surface of the support device. 

t. 

t 

2263 . The method of, claim 22 1 5, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a prg^es^tooh 

2264. The method of^iaim^lS, wherein the stage and the measurement device are 

/ 

disposed within a measurement chamber, and wherein the measurement chamber is 
disposed withh/a process tool. 
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2265. The method of claim 22 1 5, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 


2266. The method of claim 221 5, Wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of a process tool. 


2267. The method of claim 22 1 5, /wherein disposing the specimen upon the stage 
comprises disposing the specimen/upon a support device disposed within a process 
chamber of a process tool, and wh'erein the support device is configured to support the 
specimen during a process step. 


2268. The method of claim 2267, further comprising performing said directing and said 
detecting during the process step. 


2269. The method of claim 2268, further comprising obtaining a signature 

i 

characterizing the process step, wherein the signature comprises at least one singularity 
representative of an end of thl process step. 


2270. The method </f clainfl 2268; further comprising altering a parameter of one or more 
instruments coupled t\jhe/pfeeess tool in response to at least one of the determined 
properties using an in situ control technique. 

227 1 . The method of fclaim 22 1 5, further comprising moving the specimen from a first 
process chamber to a Second process chamber using the stage, wherein the first process 
chamber and the secftnd process chamber are disposed within a process tool. 
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2272. The method of claim 227 1 , further comprising performing said directing and said 
detecting during said moving the specimen from the first process chamber to the second 
process chamber. 

2273. The method of claim 22l[5, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens. 


2274. The method of claim 2215, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 


2275. The method of claim 2274, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


2276. The method of clajm 221 5, further comprising altering a sampling frequency of 
the measurement device in response to at least one of the determined properties of the 
specimen. 



2277. The mejthod of plaim 22 1 5, further comprising altering a parameter of one or more 
instruments coupkd^t^^ie^measurement device in response to at least one of the 
determined properties using a feedback control technique. 

/ 

/ 

2278. The method of claim 221 5, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedforward control technique. 
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2279. The method of claim 221/5, further comprising generating a database, wherein the 
database comprises the determined properties of the specimen, the method further 
comprising calibrating the measurement device using the database. 

5 2280. The method of clainy22 15, further comprising generating a database, wherein the 
database comprises the determined properties of the specimen, the method further 
comprising monitoring output signals generated by the measurement device using the 
database. 


\ ?5 


in 


1 0 228 1 . The method of claim 22 1 5, further comprising generating a database, wherein the 
database comprises the determined properties of the specimen, and wherein the database 
further comprises first, second, and third properties of a plurality of specimens. 

2282. The method of claim 228 1 , wherein the first, second, and third properties of the 
1 5 plurality of specimens are generated using a plurality of measurement devices, the method 
further comprising calibrating the plurality of measurement devices using the database. 


2283. The method of claim 2281, wherein the first, second, and third properties of the 

fU 

Q plurality of specimens are generated using a plurality of measurement devices, the method 

0 

20 further c^fiprts^ig monitoring output signals generated by the plurality of measurement 



devices fcing theSdatabase. 

/ 
/ 

2284. The method of claim 2215, wherein a stand alone system is coupled to the 
measurement' device, the method further comprising calibrating the stand alone system 
25 with a calibration standard and calibrating the measurement device with the stand alone 
system. 
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2285. The method of claim 221$, wherein a stand alone system is coupled to the 
measurement device and at least/one additional measurement device, the method further 
comprising calibrating the stand alone system with a calibration standard and calibrating 
the measurement device an at least the one additional measurement device with the stand 
alone system. 

2286. The method of claim|22 15, further comprising determining at least the two 
properties of the specimen |t more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 


parameter of one or more instruments coupled to a process tool in response to at least one 
of the determined properties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 


2287. The method of claim 22 1 5, further comprising altering a parameter of one or more 
instruments coupled tola process tool in response to at least one of the determined 
properties of the specimen using a feedback control technique. 


2288. The methodic f claim 22 1 5, further comprising altering a parameter of one or more 
instruments couplod to a process tool in response to at least one of the determined 
properties of the specimen using a feedforward control technique. 

2289. Thfe mewbd of claim 221 5, further comprising monitoring a parameter of one or 
more instruments cbupled'tb a process tool. 


2290. The method of claim 2215, further comprising monitoring a parameter of an 
instrument coupled to a process tool and determining a relationship between the at least 
one of the determined properties and at least one of the monitored parameters. 
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229 1 . The method of claim 22 1 5, farther comprising monitoring a parameter of an 
instrument coupled to a process tool determining a relationship between the at least one 
of the determined properties and atf least one of the monitored parameters, and altering a 
parameter of at least one of the instruments in response to the relationship. 

2292. The method of claim 22 lp, further comprising altering a parameter of one or more 
instruments coupled to a plurality of process tools in response to at least one of the 
determined properties of the specimen. 

t 

2293. The method of claim 2215, wherein processing the one or more output signals 
comprises: 

at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 

i 

sending the partialfyprocessed one or more output signals from the local 
processor to a remote controller computer; and 

J 

further processing^the partially processed one or more output signals using the 

remote controller/computer. 

/ 

2294. The method^of^aim 2293, wherein at least partially processing the one or more 
output signals co^pris'es^eterminingthe first, second, and third properties of the 
specimen. 


2295. The method' of claim 2293, wherein further processing the partially processed one 

/ 

or more output signals comprises determining the first, second, and third properties of the 


specimen. 
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2296. A computer-implemented method for controlling a system configured to 
determine at least three properties pf a specimen during use, wherein the system 
comprises a measurement device, comprising: 


controlling the measurement device, wherein the measurement device comprises 

I 

an illumination system and a detection system, and wherein the measurement 
device is coupled to a stajge, comprising: 

10 controlling the illumination system to direct energy toward a surface of the 

specimen; 

controlling the detection system to detect energy propagating from the 
surface of thelspecimen; and 

15 


generating one or more output signals responsive to the detected energy; 
and 


processing the one or more output signals to determine a first property, a second 
20 propeity^fia%tl/ird property of the specimen, wherein the first property 

comprises a flatoess measurement of the specimen, wherein the second property 
comprises a presenc^pf defects on the specimen, and wherein the third property 
comprises a th'in film characteristic of the specimen. 


25 2297. The method' of claim 2296, further comprising controlling the stage, wherein the 
stage is configure/ to support the specimen. 
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2298. The method of claim 2296, further comprising controlling the stage to laterally 
move the stage during said directing energy and said detecting energy. 


2299. The method of claim 2296, further comprising controlling the stage to rotatably 
5 move the stage during said directing energy and said detecting energy. 


2300. The method of claim 2296, further comprising controlling the stage to laterally 
and rotatably move the stage/during said directing energy and said detecting energy. 

/ 

1 0 2301 . The method of claim 2296, wherein the illumination system comprises a single 
energy source. 


2302. The method of claim 2296, wherein the illumination system comprises more than 
one energy source. 

15 

/ 

2303. The method of claim 2296, wherein the detection system comprises a single 
energy sensitive device! 

/ 

2304. The meth6ai)£claim 2296, wherein the detection system comprises more than one 

f l\ 
20 energy sensitive devices. 

2305. The methocf of claim 2296, wherein the measurement device comprises an optical 
profilometer. 

25 2306. The metfiod of claim 2296, wherein the measurement device further comprises an 
interferometer/ 
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2307. The method of claim 2296, wherein the measurement device further comprises a 
spectroscopic reflectometer. 


2308. The method of claim 229i>, wherein the measurement device further comprises a 


T 

spectroscopic ellipsometer. 


2309. The method of claim 2296, wherein the measurement device further comprises a 
dual beam spectrophotometer.!. 


23 1 0. The method of claim 2296, wherein the measurement device further comprises a 
beam profile ellipsometer. 


23 1 1 . The method of claim' 2296, wherein the measurement device further comprises a 
non-imaging scatterometer^ 

23 12. The method of claim 2296, wherein the measurement device further comprises a 
scatterometer. J 

/ / 

2313. The method of claim 2296^ wherein the measurement device further comprises a 
spectroscopii^sc^ero^^^ 

/ ~~~ 

i 

23 14. The method of claim 2296, wherein the measurement device further comprises a 
reflectometer. // 

/ 


i 


2315. The method of claim 2296, wherein the measurement device further comprises an 
ellipsometer. 
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23 1 6. The method of claim 2$96, wherein the measurement device further comprises a 
bright field imaging device. 

23 1 7. The method of claim 2396, wherein the measurement device further comprises a 
dark field imaging device. 

23 1 8. The method of claim 2296, wherein the measurement device further comprises a 
bright field and dark field/imaging device. 


10 2319. The method of claim 2296, wherein the measurement device further comprises a 
non-imaging bright field device. 


2320. The method of claim 2296, wherein the measurement device further comprises a 

non-imaging dark field device. 

+* / 

m is / 
a I 

2321 . The method 1 of claim 2296, wherein the measurement device further comprises a 


non-imaging bright field and dark field device. 


2322. /T^^ethod of claim 2296, wherein the measurement device further comprises a 
20 double\dark fieldvdevice. 

"l _ 

2323. The methodof claim 2296, wherein the measurement device further comprises at 


least a first miasurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of an optical 
25 profilomete/ an interferometer, a spectroscopic reflectometer, a dual beam 

spectropholometer, a beam profile ellipsometer, a non-imaging scatterometer, a 

/ / 

scatterometer, a spectroscopic scatterometer, a reflectometer, an ellipsometer, a bright 


field imaging device, a dark field imaging device, a bright field and dark field imaging 
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device, a non-imaging bright field d| vice, a non-imaging dark field device, a non-imaging 
bright field and dark field device, aAd a double dark field device. 

2324. The method of claim 229|!^herein the measurement device further comprises at 
least a first measurement device add a second measurement device, and wherein optical 
elements of the first measuremeM device comprise optical elements of the second 
measurement device. 

f 

2325. The method of claim 2296, wherein the defects comprise micro defects and macro 
defects. 

2326. The method of claim[2296, wherein the defects comprises micro defects or macro 
defects. 

2327. The method of clajm 2296, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 

2328. The method of dlaim 2296, wherein the defects comprise copper contamination on 
a back side of the specimen. 

2329. The method of claim 2296, further comprising processing the one or more output 
signals to determined fourth property of the specimen, wherein the fourth property is 
selected from tKS^roup consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, And a roughness of a feature of the specimen. 

2330. The method of claim 2329, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer^d'feposition tool, a cleaning tool, and an etch tool. 


/ 
/ 
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233 1 . The method of claim 2296, ^irther comprising: 

controlling the illumination system to direct energy toward a bottom surface of the 
speciinen; and J 


surface of the specimen, 


controlling the detection system to detect energy propagating from the bottom 


herein the second property further comprises a presence 


of defects on the bottom surface of the specimen. 

2332. The method of claim 238 1, wherein the defects comprise macro defects. 

2333. The method of claim £296, wherein the measurement device further comprises 
non-optical components, « wherein controlling the detection system to detect energy 
comprises controlling the^i(-optical components to measure a non-optical characteristic 
of the specimen. 

2334. The method of cftaim 2296, wherein processing the one or more output signals to 
determine the first, seorond, and third properties of the specimen comprises substantially 
simultaneously determining the first, second, and third properties of the specimen. 

2335. The methodfof claim 2296, further comprising controlling the illumination system 
to direct energy toward multiple locations on the surface of the specimen substantially 
simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that the first, second, and third 
properties of th^ specimen at the multiple locations can be determined substantially 
simultaneously. 


Page 65 1 


Conley, Rose & Tayon 


2336. The method of claim 2296, wherein the stage and the measurement device are 
coupled to a process tool. I 

2337. The method of claim 2296, ^wherein the stage and the measurement device are 
coupled to a process tool, and whdein the stage and the measurement device are arranged 
laterally proximate to the process iool. 

2338. The method of claim 22$6, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tool. / 

2339. The method of claim/2296, wherein the stage and the measurement device are 
coupled to a process tool, a/d wherein the process tool is selected from the group 
consisting of a lithography tool, and etch tool, a chemical-mechanical polishing tool, and 
a thermal tool. / 

2340. The method of olaim 2296, further comprising controlling a wafer handler to 
move the specimen from a process tool to the stage, wherein the wafer handler is coupled 
to the process tool. / 

2341 . The meth^d^fcl/im 2296, further comprising controlling the stage to move the 
specimen from theiystem to a process tool. 

2342. The methpd of claim 2296, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage such that at least the two properties 
of the specimen can be determined while the specimen is waiting between process steps. 
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2343. The method of claim 2296, wherein the stage and the measurement device are 
coupled to a process tool, wherein the pjrocess tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially paralleWto an upper surface of the stage. 


5 


10 


15 


2344. The method of claim 2296, wherein the stage and the measurement device are 
coupled to a process tool, wherein tne process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 

2345. The method of claim 22%, wherein the stage and the measurement device are 
disposed within a measuremen$chamber, and wherein the measurement chamber is 
coupled to a process tool. 

2346. The method of claim|2296, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
disposed within a process tpol. 


i 

u. 
D 


2347. The method of o^i v k^2296, wherein the stage and the measurement device are 
20 disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 


25 


2348. The method oMclaim 2296, wherein the stage and the measurement device are 
disposed within a mejasurement chamber, and wherein the measurement chamber is 
arranged vertically proximate to a process chamber of a process tool. 
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2349. The method of claim 2296, further comprising disposing the specimen upon a 
support device disposed within a proce^ chamber of a process tool, and wherein the 


support device is configured to support 


the specimen during a process step. 


2350. The method of claim 2349, further comprising controlling the illumination system 
and controlling the detection system during the process step. 


/ 


235 1 . The method of claim 2350, mirther comprising controlling the system to obtain a 
signature characterizing the process step, wherein the signature comprises at least one 

10 singularity representative of an enfl of the process step. 

2352. The method of claim 2350, further comprising controlling the system to alter a 
ygj parameter of one or more instruments coupled to the process tool in response to at least 

one of the determined properties using an in situ control technique. 


2353. The method of claim/2296, further comprising controlling the stage to move the 
specimen from a first process chamber to a second process chamber, wherein the first 


*0 process chamber and the second process chamber are disposed within a process tool. 

nj 


20 2354. The methoaof cmim 2#53, further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to thef second process chamber. 

2355. The method ©f claim 2296, further comprising comparing at least one of the 
25 determined properties of the specimen and determined properties of a plurality of 
specimens. 
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2356. The method of claim 2296, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 


2357. The method of claim 2356, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


2358. The method of claim 2296^ further comprising altering a sampling frequency of 
the measurement device in response to at least one of the determined properties of the 


1 0 specimen. 


2359. The method of claim 2j296, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using/ feedback control technique. 


2360. The method of claim 2296, further comprising altering a parameter of one or more 
□ instruments coupled to thi measurement device in response to at least one of the 

determined properties using a feedforward control technique. 


20 2361 . The method of claim 2296, further comprising generating a database, wherein the 
database compri^esnpie determined first, second, and third properties of the specimen, the 
method further/comprising calibrating the measurement device using the database. 


2362. The method of claim 2296, further comprising generating a database, wherein the 
25 database comprises the determined first, second, and third properties of the specimen, the 
method furthe/ comprising monitoring output signals generated by the measurement 
device using Ihe database. 
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2363. The method of claim 2296, furthi 
database comprises the determined first, 
wherein the database further comprises 
specimens. 


r comprising generating a database, wherein the 
econd, and third properties of the specimen, and 
rst, second, and third properties of a plurality of 


2364. The method of claim 2363, wherein the first, second, and third properties of the 


plurality of specimens are generated using a plurality of measurement devices, the method 
further comprising calibrating the plurality of measurement devices using the database. 


2365. The method of claim 2363/ wherein the first, second, and third properties of the 

plurality of specimens are generated using a plurality of measurement devices, the method 

/ 

further comprising monitoring output signals generated by the plurality of measurement 
devices using the database. 


2366. The method of clainy2296, wherein a stand alone system is coupled to the system, 
the method further comprising controlling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. 


2367. The method of claim 2296, wherein a stand alone system is coupled to the system 
and at least one additional system, the method further comprising controlling the stand 
alone system to calibrate the stand alone system with a calibration standard and further 
controlling the staijffalppe system to calibrate the system and at least the one additional 
system. 


2368. The metjnod of claim 2296, wherein the system is further configured to determine 
at least the two properties of the specimen at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
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one parameter of one or mo/e instruments coupled to a process tool in response to at least 
one of the determined properties of the specimen at the more than one position on the 
specimen to reduce withinjvvafer variation of at least one of the determined properties. 

2369. The method of claim 2296, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedback control technique. 

2370. The method of daim 2296, further comprising altering a parameter of one or more 
instruments coupled to/a process tool in response to at least one of the determined 
properties of the specimen using a feedforward control technique. 

2371 . The method of claim 2296, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool. 

2372. The methoa of claim 2371, further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters. 

2373. The method of claim 2372, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 

2374. The meffied of claim 2296, further comprising altering a parameter of one or more 
instruments coupled to a plurality of process tools in response to at least one of the 
determined properties of the specimen. 

2375. Thefmethod of claim 2296, wherein processing the one or more output signals 
comprises!/ 
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at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 

sending the partially p&cessed one or more output signals from the local 
processor to a remote/controller computer; and 

further processing t|e partially processed one or more output signals using the 
remote controller computer. 

2376. The method of clapm 2375, wherein at least partially processing the one or more 
output signals comprisesfdetermining the first, second, and third properties of the 
specimen. / 

2377. The method offclaim 2375, wherein further processing the partially processed one 
or more output signal comprises determining the first, second, and third properties of the 
specimen. / 

2378. A semiconductor device fabricated by a method, the method comprising: 

forming ^portion of the semiconductor device upon a specimen; 

di^^imthe specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumimation system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 
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detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more outpJt signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
comprises a flatness measurement of the specimen, wherein the second property 
comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the specimen. 

2379. The device of claim 23j/8, wherein the illumination system comprises a single 
energy source. 

2380. The device of claiip 2378, wherein the illumination system comprises more than 
one energy source. 

2381 . The device of claim 2378, wherein the detection system comprises a single energy 
sensitive device. 

2382. The device of claim 2378, wherein the detection system comprises more than one 
energy sensitive devices. 

2383. The o^vi^of clain/2378, wherein the measurement device is selected from the 
group consistingfof aintfptical profilometer, an interferometer, a spectroscopic 
reflectometer, af spectroscopic ellipsometer, a dual beam spectrophotometer, and a beam 
profile ellipsometer a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatteromete/, a reflectometer, an ellipsometer, a bright field imaging device, a dark field 
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imaging device, a bright field and dark field imaging device, a non-imaging bright field 
device, a non-imaging dark field device, a non-imaging bright field and dark field device, 
and a double dark field device. / 


0 


25 


5 2384. The device of claim 2378, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices/are selected from the group consisting of an optical 
profilometer, an interferometer, a spectroscopic reflectometer, a spectroscopic 
ellipsometer, a dual beam spectrophotometer, and a beam profile ellipsometer a non- 
10 imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 
ellipsometer, a bright field imiging device, a dark field imaging device, a bright field and 
*J dark field imaging device, a nbn-imaging bright field device, a non-imaging dark field 

yQ / 

J3 device, a non-imaging brightf field and dark field device, and a double dark field device. 

4* 15 2385. The device of claircf 2378, wherein the measurement device further comprises at 
m least a first measurement device and a second measurement device, and wherein optical 

elements of the first measurement device comprise optical elements of the second 
measurement device. 


20 2386. The device oyclaim 2378, wherein the defects comprise micro defects and macro 
defects. 

/ 

2387. The devicTof claim 2378, wherein the defects comprises micro defects or macro 


defects. 


2388. The device of claim 2378, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 
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2389. The device of claim 2378, wjherein the defects comprise copper contamination on 
a back side of the specimen. 

2390. The device of claim 2378, mrther comprising processing the one or more output 
signals to determine a fourth property of the specimen, wherein the fourth property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughnes^of a feature of the specimen. 

c 

2391. The device of claim 2396, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a/cleaning tool, and an etch tool. 

2392. The device of claim 2378, further comprising: 

directing energy toward a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the second property further comprises a presence of defects on the bottom surface 
of the specimer 

2393. The device of claim 2392, wherein the defects comprise macro defects. 


2394. The depce/oflclaim 2378, wherein the measurement device comprises non-optical 
components, and/wrterein detecting energy comprises measuring a non-optical 
characteristic of/the specimen. 


2395. The device of claim 2378, wherein the stage and the measurement device are 
coupled to ^process tool. 
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2396. The device of claim 23j78, wherein the stage and the measurement device are 
coupled to a process tool, and/wherein the process tool is selected from the group 
consisting of a lithography tool, an etch tool, a chemical-mechanical polishing tool, and a 


thermal tool. 


2397. A method for fabricating a semiconductor device, comprising: 

I 

forming a portion of the semiconductor device upon a specimen; 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 


detecting energy propagating from the surface of the specimen using the detection 
system; / 

/■ 

generating one W more output signals in response to the detected energy; and 



processing |the one or more output signals to determine a first property, a second 
property, and a third property of the specimen, wherein the first property 
comprises a flatness measurement of the specimen, wherein the second property 
comprises a presence of defects on the specimen, and wherein the third property 
comprises a thin film characteristic of the specimen. 


Page 662 


Conley, Rose & Tayon 


2398. The method of claim 2397, yherein the illumination system comprises a single 
energy source. 

2399. The method of claim 2397^wherein the illumination system comprises more than 
one energy source. 

2400. The method of claim 239JI, wherein the detection system comprises a single 
energy sensitive device. 

240 1 . The method of claim 2397, wherein the detection system comprises more than one 
energy sensitive devices. 


2402. The method of claim/2397, wherein the measurement device is selected from the 
group consisting of an optical profilometer, an interferometer, a spectroscopic 
reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, and a beam 
profile ellipsometer a nonimaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, an ellipsometer, a bright field imaging device, a dark field 
imaging device, a bright field and dark field imaging device, a non-imaging bright field 
device, a non-imaging dark field device, a non-imaging bright field and dark field device, 
and a double dark field device. 


2403. The mfethodybfolaim 2397, wherein the measurement device further comprises at 
least a first mea^^mem device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of an optical 
profilometer, an interferometer, a spectroscopic reflectometer, a spectroscopic 
ellipsometer, a dual beam spectrophotometer, and a beam profile ellipsometer a non- 
imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 
ellipsometer bright field imaging device, a dark field imaging device, a bright field and 
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dark field imaging device, a nonimaging bright field device, a non-imaging dark field 
device, a non-imaging bright field and dark field device, and a double dark field device. 


2404. The method of claim 2397, wherein the measurement device further comprises at 
least a fiist measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


2405. The method of claim 2397, wherein the defects comprise micro defects and macro 
10 defects. 

if* 2406. The method of clkim 2397, wherein the defects comprises micro defects or macro 

fi defects. 

ul 

gj 1 5 2407. The method of claim 2397, wherein the thin film characteristic comprises a 

thickness of a coppey film, and wherein the defects comprise voids in the copper film. 

2408. The method of claim 2397, wherein the defects comprise copper contamination on 
a back side of the specimen. 

2409. The method of claim 2397, further comprising processing the one or more output 
signals to dj^mime a fourth property of the specimen, wherein the fourth property is 
selected frWi the greyup consisting of a roughness of the specimen, a roughness of a layer 
on the specimenr^d a roughness of a feature of the specimen. 

2410. The method of claim 2409, wherein the stage and the measurement device are 
coupled to a/process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


-ED 


20 


25 
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241 1 . The method of claim 2J97, further comprising: 

directing energy towaH a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the second property further comprises a presence of defects on the bottom surface 
of the specimen. 

2412. The method of claim 241 1, wherein the defects comprise macro defects. 


2413. The method of, claim 2397, wherein the measurement device comprises non- 
/ 

optical components, and wherein detecting energy comprises measuring a non-optical 
characteristic of the specimen. 


2414. The method/of claim 2397, wherein the stage and the measurement device are 
coupled to a process tool. 

2415. The method of claim 2397, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting offa^thography tool, an etch tool, a chemical-mechanical polishing tool, and a 
thermal toof 



2416. A system configured to determine at least three properties of a specimen during 
use, comprising: 

a stage configured to support the specimen during use; 


Page 665 


Conley, Rose & Tayon 


a measurement device coupled to the stage, comprising: 


an illumination system configured to direct energy toward a surface of the 
specimen during useg and 


a detection system coupled to the illumination system and configured to 

( 

detect energy propagating from the surface of the specimen during use, 

wherein the measurement device is configured to generate one or more 

j 

output signals in response to the detected energy; 

a local processor coupled to the measurement device and configured to at least 
partially process the one or more output signals during use; and 


a remote controller computer coupled to the local processor, wherein the remote 
controller computer/is configured to receive the at least partially processed one or 
more output signals and to determine a first property, a second property, and a 
third property of me specimen from the at least partially processed one or more 
output signals during use, wherein the first property comprises a flatness 
measurement of the specimen, wherein the second property comprises a presence 
of defects omthe specimen, and wherein the third property comprises a thin film 
characteristic of the specimen. 

2417. The sp^tem of claim 2416, wherein the measurement device is selected from the 
group consisting c^ap^ptical profilometer, an interferometer, a spectroscopic 
reflectometerJa spectroscopic ellipsometer, a dual beam spectrophotometer, and a beam 
profile ellipspmeter a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, an ellipsometer, a bright field imaging device, a dark field 
imaging dp vice, a bright field and dark field imaging device, a non-imaging bright field 
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device, a non-imaging dark field device, a non-imaging bright field and dark field device, 
and a double dark field devip. 

2418. The system of claim 2416, wherein the measurement device further comprises at 
least a fust measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of an optical 
profilometer, an interferometer, a spectroscopic reflectometer, a spectroscopic 
ellipsometer, a dual beam' spectrophotometer, and a beam profile ellipsometer a non- 
imaging scatterometer, a|scatterometer, a spectroscopic scatterometer, a reflectometer, an 

ellipsometer, a bright field imaging device, a dark field imaging device, a bright field and 

/ 

dark field imaging device, a non-imaging bright field device, a non-imaging dark field 
device, a non-imaging /right field and dark field device, and a double dark field device. 


/ 


/ 

2419. The system of claim 2416, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


2420. Thg^y^tem of claim 2416, wherein the defects comprise micro defects and macro 
defects.! 

242 1 . The/systerfTof claim 24 1 6, wherein the defects comprises micro defects or macro 
defects. 

2422. The system of claim 2416, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 
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2423. The system of claim 241|>, wherein the defects comprise copper contamination on 
a back side of the specimen. 

2424. The system of claim 24 f 6, wherein the remote controller computer is further 
5 configured to determine a fourth property of the specimen from the at least partially 

processed one or more output signals during use, and wherein the fourth property is 

selected from the group consisting of a roughness of the specimen, a roughness of a layer 

/ 

on the specimen, and a roughness of a feature of the specimen. 

/ 

10 2425. The system of claim 2424, wherein the system is coupled to a process tool 

selected from the group cohsisting of a lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etch/tool. 

I 

2426. The system of claim 2416, wherein the illumination system is further configured 

/ 

1 5 to direct energy toward a bottom surface of the specimen during use, wherein the 

/ 

detection system is further configured to detect energy propagating from the bottom 
surface of the specimX during use, and wherein the second property further comprises a 

— /— 

20 2427. The system of claim 2426, wherein the defects comprise macro defects. 


25 



2428. The^steiA of claim 2416, wherein the illumination system and the detection 
system comprise/non-optical components, and wherein the detected energy is responsive 
to a non-optical/characteristic of the specimen. 


2429. The system of claim 2416, wherein the remote controller computer is coupled to a 
process too^/ 
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2430. The system of claim 2416, ^herein the remote controller computer is coupled to a 
process tool, and wherein the process tool is selected from a group consisting of a 
lithography tool, an etch tool, a chemical-mechanical polishing tool, and a thermal tool. 

5 243 1 . The system of claim 241 6, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using a feedback control technique during use. 

I 

10 2432. The system of claim 2416, wherein the remote controller computer is coupled to a 
process tool, and wherein the remote controller computer is further configured to alter a 


parameter of one or more instruments coupled to the process tool in response to at least 

f I 

yi one of the determined properties using a feedforward control technique during use. 

I 

I 

4 

15 2433. The system of claim 2416, wherein the remote controller computer is coupled to a 
process tool, and wherein' the remote controller computer is further configured to monitor 
a parameter of one or more instruments coupled to the process tool during use. 


2434. The system of claim 2433, wherein the remote controller computer is further 
20 configured to determine a relationship between at least one of the determined properties 
and at least one of tlie monitored parameters during use. 


2435. The\system of claim 2434, wherein the remote controller computer is further 
configured toallera parameter of at least one of the instruments in response to the 
25 relationship during use. 


2436. The system of claim 2416, wherein the illumination system is further configured 
to direct energy toward the surface of the specimen during a process step, wherein the 
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detection system is further configui|bd to detect energy propagating from the surface of 
the specimen during the process step, and wherein the remote controller computer is 
further configured to determine tl/e first, second, and third properties of the specimen 
during the process step. 


2437. The system of claim 2436, wherein the remote controller computer is further 

configured to obtain a signature characterizing the process step during use, and wherein 

I 

the signature comprises at least one singularity representative of an end of the process 
step. ,' 

2438. The system of claim 2436, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least one of the determined properties using an in situ control technique 
during use. / 


± 15 

in 2439. The system of claim 2416, wherein a process tool comprises a first process 

5 / 

g chamber and a second process chamber, and wherein the stage is further configured to 

jff move the specimen from the first process chamber to the second process chamber during 

O use. 

2440. The system of claim 2439, wherein the illumination system is further configured 
to direct energy tQw^ra the surface of the specimen during said moving, wherein the 
detection system is'furtherconfigured to detect energy propagating from the surface of 
the specimen during said moving, and wherein the remote controller computer is further 
25 configured to determine the first, second, and third properties of the specimen during said 
moving. 
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2441. The system of claim 241 wherein the remote controller computer is further 
configured to compare at least o rie of the determined properties of the specimen and 
properties of a plurality of specimens during use. 


5 2442. The system of claim 24fl 6, wherein the remote controller computer is further 
configured to compare at least lone of the determined properties of the specimen to a 
predetermined range for the property during use. 

/ 

2443. The system of claim 2442, wherein the remote controller computer is further 
10 configured to generate an output signal if at least one of the determined properties of the 

specimen is outside of the predetermined range for the property during use. 

J 

2444. The system of claim 2416, wherein the remote controller computer is further 

, , i 

configured to alter a sampling frequency of the measurement device in response to at least 

fj} 1 5 one of the determined properties of the specimen during use. 


P 


Q . 2445. The system of claim 241 6, wherein the remote controller computer is further 

fy configured to alter a parameter of one or more instruments coupled to the measurement 

device in response to at least one of the determined properties using a feedback control 
20 technique during use. / 


2446. The ^stem ^claim 2416, wherein the remote controller computer is further 
configured tocher a parameter, of one or more instruments coupled to the measurement 
device in responseTo at least one of the determined properties using a feedforward control 

25 technique duringyuse. 

/ /' 

2447. The system of claim 2416, wherein the remote controller computer is further 
configured to/gpnerate a database during use, wherein the database comprises the 
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determined first, secondhand third properties of the specimen, and wherein the remote 
controller computer is further configured to calibrate the measurement device using the 
database during use. J 


2448. The system of claim 2416, wherein the remote controller computer is further 
configured to generate a database during use, wherein the database comprises the 
determined first, seconc ., and third properties of the specimen, and wherein the remote 
controller computer is further configured to monitor output signals generated by 
measurement device using the database during use. 


2449. The system of claim 24 1 6, wherein the remote controller computer is further 
configured to generate a database during use, wherein the database comprises the 
determined first, second; and third properties of the specimen, and wherein the database 
further comprises first, second, and third properties of a plurality of specimens. 

2450. The system of claim 2449, wherein the first, second, and third properties of the 
plurality of specimens are determined using a plurality of measurement devices, wherein 
the remote controller computer is further coupled to the plurality of measurement devices, 
and wherein the remote controller computer is further configured to calibrate the plurality 
of measurement devices using the database during use. 


245 1 . The system^clkfh 2449, wherein the first, second, and third properties of the 
plurality of specimens are determined using a plurality of measurement devices, wherein 
the remote controller computer is further coupled to the plurality of measurement devices, 
and wherein the remote controller computer is further configured to monitor output 
signals generated by the plurality of measurement devices using the database during use. 
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2452. The system of claim jj^^, wherein the remote controller computer is further 
coupled to a plurality of measurement devices, wherein each of the plurality of 
measurement devices is coupled to one of a plurality of process tools. 


5 2453. The system of claimf2416, wherein the remote controller computer is coupled to 
at least one of a plurality o^process tools, and wherein the remote controller computer is 
further configured to alter a parameter of one or more instruments coupled to at least one 
of the plurality of process^tools during use. 

/ 

10 2454. A method for determining at least three properties of a specimen, comprising: 

t 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 


yB detecting energy propagating from the surface of the specimen using the detection 

FU 

O system; 


20 f N / 



gene^tiiWbneyOr more output signals responsive to the detected energy; and 


processing the one or more output signals to determine a first property, a second 
property( and a third property of the specimen, wherein the first property 

25 comprises a flatness measurement of the specimen, wherein the second property 

/ 

comprises a presence of defects on the specimen, and wherein the third property 
com^ises a thin film characteristic of the specimen, comprising: 
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10 


at least partially processing the one or more output signals using a local 
processor, wherein the local processor is coupled to the measurement 
device; 

sending the partially processed one or more output signals from the local 
processor to/a remote controller computer; and 


further processing the partially processed one or more output signals using 
the remote controller computer. 


/ 


2455. The method of claim 2454, wherein the measurement device is selected from the 
group consisting of JL optical profilometer, an interferometer, a spectroscopic 

reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, and a beam 

/ 

profile ellipsometer a non-imaging scatterometer, a scatterometer, a spectroscopic 

/ 

15 scatterometer, a reflectometer, an ellipsometer, a bright field imaging device, a dark field 
imaging device, a bright field and dark field imaging device, a non-imaging bright field 
device, a non-ijiaging dark field device, a non-imaging bright field and dark field device, 
and a double dark field device. 


20 2456. The ftiethod of claim 2454, wherein the measurement device further comprises at 
least a firstimeasurement device and a second measurement device, and wherein the first 
and^ecoMvmeasurement devices are selected from the group consisting of an optical 
proWmpsr, an interferometer, a spectroscopic reflectometer, a spectroscopic 
ellipsometer, a dual beam spectrophotometer, and a beam profile ellipsometer a non- 
25 imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 
ellipsbmeter, a bright field imaging device, a dark field imaging device, a bright field and 

dark/field imaging device, a non-imaging bright field device, a non-imaging dark field 

/ 

device, a non-imaging bright field and dark field device, and a double dark field device. 
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2457. The method of claim 2454, wherein the measurement device further comprises at 
least a first measurement de> ice and a second measurement device, and wherein optical 
elements of the first measure ment device comprise optical elements of the second 
measurement device. 


2458. The method of claipi 2454, wherein the defects comprise micro defects and macro 
defects. 

1 0 2459. The method of cl/iim 2454, wherein the defects comprises micro defects or macro 
defects. 


y 3' 


15 


2460. The method of dlaim 2454, wherein the thin film characteristic comprises a 
thickness of a copper film, and wherein the defects comprise voids in the copper film. 

2461 . The method of /claim 2454, wherein the defects comprise copper contamination on 
a back side of the specimen. 


1 

o 

5 -' 


2462. The method off claim 2454, further comprising processing the one or more output 
20 signals to determine fe fourth property of the specimen, wherein the fourth property is 

selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, anu a roughness of a feature of the specimen. 


2463. The method of claim 2462, wherein the stage and the measurement device are 
25 coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


2464. The method of claim 2454, further comprising: 


Page 675 


Conley, Rose & Tayon 


directing energy toward a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the second property farther comprises a presence of defects on the bottom surface 
of the specimen. 

2465. The method of claim 2464, wherein the defects comprise macro defects. 


2466. The method of claim 2454, wherein the measurement device comprises non- 

I 

optical components, and wherein detecting energy comprises measuring a non-optical 
characteristic of the specimen. 


2467. The method of/claim 2454, wherein the remote controller computer is coupled to a 
process tool. 

2468. The method of claim 2454, wherein the remote controller computer is coupled to a 
process tool, and wmerein the process tool is selected from the group consisting of a 
lithography tool, an etch tool, a chemical-mechanical polishing tool, and a thermal tool. 

2469. The method of claim 2454, wherein the remote controller computer is coupled to a 
process tool, the method further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to at least\^/^the/determined properties of the specimen comprises using a feedback 
control technic 



2470. The method of claim 2454, wherein the remote controller computer is coupled to a 
process tool, the method further comprising altering a parameter of one or more 

If 
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instruments coupled to the proless tool using the remote controller computer in response 
to at least one of the determined properties of the specimen comprises using a 
feedforward control technique 


2471 . The method of claim £454, wherein the remote controller computer is coupled to a 
process tool, the method further comprising monitoring a parameter of one or more 
instruments coupled to the process tool using the remote controller computer. 

2472. The method of claim 2471 , further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters 
using the remote controller computer. 


2473. The method of cjaim 2472, further comprising altering a parameter of at least one 
of the instruments in response to the relationship using the remote controller computer. 


2474. The method ofi claim 2454, wherein the illumination system and the detection 
system are coupled tof a process chamber of a process tool, the method further comprising 
performing said directing and said detecting during a process step. 

2475. The metho<j|of claim 2474, further comprising obtaining a signature 
characterizing the process step using the remote controller computer, wherein the 
signature comgrises at least one singularity representative of an end of the process step. 


2476. The method of claim 2474, further comprising altering a parameter of one or more 
instruments coupled tfrthe process tool using the remote controller computer in response 
to at least one of the determined properties using an in situ control technique. 

2477. The n/ethod of claim 2454, further comprising: 
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moving the specimen fromfa first process chamber to a second process chamber 
using the stage; and 

performing said directing and said detecting during said moving the specimen. 

2478. The method of claim 24p4, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens using the remote controller computer. 

2479. The method of claimj2454, further comprising comparing at least one of the 
determined properties of thef specimen to a predetermined range for the property using the 
remote controller computes 

2480. The method of claam 2479, further comprising generating an output signal using 
the remote controller computer if at least one of the determined properties of the 
specimen is outside of tfie predetermined range for the property. 

2481 . The method oflclaim 2454, wherein the remote controller computer is coupled to 
the measurement device, the method further comprising altering a sampling frequency of 
the measurefffent de\fice using the remote controller computer in response to at least one 
of the determined properties of the specimen. 


2482. The methop of claim 2454, wherein the remote controller computer is coupled to 
the measurement/device, the method further comprising altering a parameter of one or 
more instruments coupled to the measurement device using the remote controller 
computer in response to at least one of the determined properties using a feedback control 
technique. 
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2483. The method of claim 2454, wherein the remote controller computer is coupled to 
the measurement device, the method further comprising altering a parameter of one or 
more instruments coupled to theimeasurement device using the remote controller 
computer in response to at least/one of the determined properties using a feedforward 
control technique. I 

ip54, further comprising generating a database using the 
/herein the database comprises the determined first, second 
:cimen. 

2485. The method of claiir/ 2454, further comprising generating a database using the 
remote controller computer/ wherein the database comprises the determined first, second 
and third properties of the specimen, the method further comprising calibrating the 
measurement device using the remote controller computer. 

2486. The method of claim 2454, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first, second 
and third properties of Jthe specimen, the method further comprising monitoring output 
signals generatedLfey the measurement device using the remote controller computer. 

2487. The method pf claim 2454, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first, second 
and third propertied of the specimen, and wherein the database further comprises first, 
second, and thirdiproperties of a plurality of specimens. 

2488. The method of claim 2487, wherein the first, second, and third properties of the 
plurality of specimens are generated using a plurality of measurement devices, the method 


2484. The method of claim 
remote controller computer, i 
and third properties of the sp< 
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further comprising calibrating tlje plurality of measurement devices using the remote 
controller computer. 

2489. The method of claim 2487, wherein the first, second, and third properties of the 
5 plurality of specimens are generated using a plurality of measurement devices, the method 

further comprising monitoring output signals generated by the plurality of measurement 
devices using the remote controller computer. 

2490. The method of claimf 2454, further comprising sending the at least partially 

1 0 processed one or more output signals from a plurality of local processors to the remote 
controller computer, wherein each of the plurality of local processors is coupled to one of 
a plurality of measurement devices. 


2491 . The method of claim 2490, further comprising altering a parameter of one or more 
j~ 1 5 instruments coupled to at least one of the plurality of measurement devices using the 
93 remote controller computer in response to at least one of the determined properties of the 


rj specimen. 

il ■ 


2492. The method of claim 2490, wherein at least one of the plurality of measurement 
20 devices is coupled tp one of a plurality of process tools. 

2493. The method \f claim 2492, further comprising altering a parameter of one or more 
instruments cbuplM to at least one of the plurality of process tools using the remote 
controller computer in response to at least one of the determined properties of the 

25 specimen. 

2494. A systen^ configured to determine at least two properties of a specimen during 
use, comprising! 


Page 680 


Conley, Rose & Tayon 


# 


a stage configured to support the specimen during use; 

a measurement device jcoupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the 
specimen during use; and 

a detection sjystem coupled to the illumination system and configured to 
detect enerew propagating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals responsive to the detected energy during use; and 

a processor coupled to the measurement device and configured to determine a first 
property and a second property of the specimen from the one or more output 
signals duringAise, wherein the first property comprises overlay misregistration of 
the specimen/ and wherein the second property comprises a flatness measurement 
of the specimen. 

2495. The system of claim 2494, wherein the stage is further configured to move 


2496. The system of claim 2494, wherein the stage is further configured to move 
rotatably during use. 

2497. The system of claim 2494, wherein the stage is further configured to move 
laterally and rotatably during use. 
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2498. The system of claim |494, wherein the illumination system comprises a single 
energy source. 

2499. The system of claim/2494, wherein the illumination system comprises more than 
one energy source. 

2500. The system of clai^i 2494, wherein the detection system comprises a single energy 
sensitive device. 


2501 . The system of claim 2494, wherein the detection system comprises more than one 
energy sensitive devices! 


2502. The system of daim 2494, wherein the measurement device further comprises a 
coherence probe microscope. 

2503. The system off claim 2494, wherein the measurement device further comprises an 
interferometer. / 

2504. The system of claim 2494, wherein the measurement device further comprises an 
optical profilomeier. 

2505. Thexsyaen^ofclaim 2494, wherein the measurement device further comprises a 
spectroscopidreflectometer. 

2506. Thefsystem of claim 2494, wherein the measurement device further comprises a 
spectroscopic eilipsometer. 
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2507. The system of claim 2^ 94, wherein the measurement device further comprises a 
dual beam spectrophotometer. 

2508. The system of claimp494, wherein the measurement device further comprises a 
5 beam profile ellipsometer. 

2509. The system of clai/n 2494, wherein the measurement device further comprises a 
non-imaging scatterometer. 

10 2510. The system of claim 2494, wherein the measurement device further comprises a 
scatterometer. 

^ 2511. The system ol claim 2494, wherein the measurement device further comprises a 

spectroscopic scatterometer. 


25 12. The system/of claim 2494, wherein the measurement device further comprises a 
reflectometer. 


2513. The system of claim 2494, wherein the measurement device further comprises a 



2514. The system of claim 2494, wherein the measurement device further comprises a 
dark field imaging device. 


25 2515. The system of claim 2494, wherein the measurement device further comprises a 
bright fiedd and dark field imaging device. 
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2516. The system of claim 2494 j wherein the measurement device further comprises at 
least a first measurement device ^id a second measurement device, and wherein the first 
and second measurement devices/are selected from the group consisting of a coherence 
probe microscope, an interferometer, an optical profilometer, a spectroscopic 
reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam 
profile ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, a bright field imaging device, a dark field imaging device, 
and a bright field and dark field imaging device. 

2517. The system of claim 2^94, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

25 1 8. The system of claim 2494, wherein the illumination system is further configured 
to direct energy to multiple locations on the surface of the specimen substantially 
simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 
simultaneously such that one or more of the at least two properties of the specimen can be 
determined at the multiple locations substantially simultaneously. 

25 1 9. The system ^claim 2494, wherein the system is coupled to a process tool. 

2520. The system Af claim 2494, wherein the system is coupled to a process tool, and 
wherein the system/is disposed within the process tool. 


2521. The system 7 of claim 2494, wherein the system is coupled to a process tool, and 
wherein the system is arranged laterally proximate to the process tool. 
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2522. The system of claim 2ft94, wherein the system is coupled to a process tool, and 
wherein the process tool comprises a wafer handler configured to move the specimen to 
the stage during use. 


2523. The system of claim 2494, wherein the system is coupled to a process tool, and 
wherein the stage is configured to move the specimen from the system to the process tool 
during use. 

10 2524. The system of claim 2494, wherein the system is coupled to a process tool, and 
wherein the stage is further configured to move the specimen to a process chamber of the 
process tool during use. 


2525. The system of claim 2494, wherein the system is coupled to a process tool, and 
15 wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 


2526. The system of claim 2494, wherein the system is coupled to a lithography tool, 
y wherein the system is configured to determine the flatness measurement of the specimen 
H 20 prior to an exposure step of the lithography process, and wherein the system is configured 

to determiife the owfcrlay misregistration subsequent to the exposure step of the 
lithography process^ y 

2527. The system of claim 2494, wherein the system is coupled to a process tool, 

25 wherein the pifocess tool comprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the support device is substantially 
parallel to an upper surface of the stage. 
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2528. The system of claim 249&, wherein the system is coupled to a process tool, 
wherein the process tool comprises a support device configured to support the specimen 
during a process step, and wheijein an upper surface of the stage is angled with respect to 
an upper surface of the support device. 

2529. The system of claim 2494, wherein the system is coupled to a process tool, and 
wherein the process tool comprises a lithography tool. 


2530. The system of claim? 2494, wherein the system further comprises a measurement 

/ 

chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, anil wherein the measurement chamber is coupled to a process 
tool. / 

253 1 . The system of claim 2494, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is disposed within a 
process tool. / 

2532. The system of claim 2494, wheTein the system further comprises a measurement 
chamber, wherein tine stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is arranged laterally 
proximate toaprpcess chamber of a process tool. 

2533. The systpm^of claim 2494, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement/chamber, and wherein the measurement chamber is arranged vertically 
proximate to a process chamber of a process tool. 


Page 686 


Conley, Rose & Tayon 


2534. The system of claim 2494|wherein a process tool comprises a process chamber, 
wherein the stage is disposed witnfin the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 


5 FS 


2535. The system of claim 253*4, wherein the processor is further configured to 
determine at least the two properties of the specimen during the process step. 


2536. The system of claim 2:535, wherein the processor is further configured to obtain a 

/ 

signature characterizing the process step during use, and wherein the signature comprises 

i 

10 at least one singularity representative of an end of the process step. 


2537. The system of claim 2535, wherein the processor is further coupled to the process 


, t tool and is further configured to alter a parameter of one or more instruments coupled to 

I the process tool in response to at least one of the determined properties using an in situ 

3 / 

I 1 5 control technique during use. 


y 2538. The system of/claim 2494, wherein a process tool comprises a first process 

/ 

flf chamber and a secona process chamber, and wherein the stage is further configured to 

Q / 

p- move the specimen/from the first process chamber to the second process chamber during 


20 use. 


25 


2539. They^ystem of claim 2538, wherein the system is further configured to determine 
at least one>Qj^^tw^properties of the specimen as the stage is moving the specimen 
from the first process chamber to the second process chamber. 


2540. The/system of claim 2494, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen and properties of a plurality of 
specimens during use. 
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2541. The system of claim ^94, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen to a predetermined range for the 
property during use. 

2542. The system of claim ^54 1 , wherein the processor is further configured to generate 
an output signal if at least one of the determined properties of the specimen is outside of 
the predetermined range forlthe property during use. 

2543. The system of claim 2494, wherein the processor is further configured to alter a 
sampling frequency of th</measurement device in response to at least one of the 
determined properties of/the specimen during use. 


2544. The system of c|aim 2494, wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 
at least one of the determined properties using a feedback control technique during use. 


2545. The system ot claim 2494, wherein the processor is further configured to alter a 
parameter of one or/more instruments coupled to the measurement device in response to 
at least one of Undetermined properties using a feedforward control technique during 
use. f I 



2546. The system of claim 2494, wherein the processor is further configured to generate 
a database durirfg use, wherein the database comprises the determined first and second 
properties of thfe specimen, and wherein the processor is further configured to calibrate 
the measurement device using the database during use. 
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2547. The system of cjaim 2494, wherein the processor is further configured to generate 
a database during use, Avherein the database comprises the determined first and second 
properties of the speck len, and wherein the processor is further configured to monitor 
output signals generated by measurement device using the database during use. 

2548. The system of claim 2494, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first and second 


properties of the specimen, and wherein the database further comprises first and second 
properties of a plurality of specimens determined using a plurality of measurement 


devices. 


i 


2549 The system oti claim 2548, wherein the processor is further coupled to the plurality 

of measurement devices, and wherein the processor is further configured to calibrate the 
J 

plurality of measurement devices using the database during use. 


2550. The system of claim 2548 5 wherein the processor is further coupled to the plurality 
of measurement devices, and wherein the processor is further configured to monitor 
output signals generated by the plurality of measurement devices using the database 
during use. 


2551. The system of claim 2494, further comprising a stand alone system coupled to the 
system, whepiiHne stand alone system is configured to be calibrated with a calibration 
standard dut^ig/|se, and wherein the stand alone system is further configured to calibrate 
the system during mes 


2552. The system of claim 2494, further comprising a stand alone system coupled the 
system and a/least one additional system, wherein the stand alone system is configured to 
be calibrate/ with a calibration standard during use, and wherein the stand alone system is 
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further configured to calibrate the system and at least the one additional system during 
use. 


2553. The system of claim 2^j94, wherein the system is further configured to determine 
at least the two properties of tjie specimen at more than one position on the specimen, 
wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one jbr more instruments coupled to a process tool in response to 
at least one of the determined properties of the specimen at the more than one position on 

the specimen to reduce within wafer variation of at least one of the determined properties. 

i 

I 

2554. The system of claim I2494, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to alter a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 


properties using a feedback! control technique during use. 


2555. The system of claim 2494, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to alter a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 
properties using a feedforward control technique during use. 

2556. The sysfenTbf/^laim 2494, wherein the processor is further coupled to a process 


tool, and wherein-th^processor is further configured to monitor a parameter of one or 
more instruments ccnipteci to the process tool during use. 

2557. The systen/of claim 2556, wherein the processor is further configured to 
determine a rela^onship between at least one of the determined properties and at least one 
of the monitored parameters during use. 


Page 690 


Conley, Rose & Tayon 


m 


25 


2558. The system of claim 25*57, wherein the processor is further configured to alter a 
parameter of at least one of the] instruments in response to the relationship during use. 


2559. The system of claim 2 l 94, wherein the processor is further coupled to a plurality 
5 of measurement devices, and yherein the plurality of measurement devices is coupled to 

a plurality of process tools. 

2560. The system of claim 2*494, wherein the processor is further coupled to a plurality 
of process tools, and wherein' the processor is further configured to alter a parameter of 

10 one or more instruments coupled to at least one of the plurality of process tools during 
use. 


2561 . The system of claim 2494, wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 
1 5 processor, wherein the local processor is configured to at least partially process the one or 
more output signals during use, and wherein the remote controller computer is configured 

S f 

□ to further process the at least partially processed one or more output signals dunng use. 

Si- / 

iu / 

d 2562. The system of claim 2561, wherein the local processor is further configured to 


/ 


20 determine the first property and the second property of the specimen during use. 

2563. The syste?^ficlaim / 2561, wherein the remote controller computer is further 
configured to determine the first property and the second property of the specimen during 
use. 



2564, A method for determining at least two properties of a specimen, comprising: 
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disposing the specimen upcfti a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy towardp surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; / 

generating one or moVe output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a 
second property oflthe specimen, wherein the first property comprises overlay 
misregistration oflthe specimen, and wherein the second property comprises a 
flatness measurement of the specimen. 

2565. The method of ilaim 2564, further comprising laterally moving the stage during 
said directing energy and said detecting energy. 

2566. The method of claim 2564, further comprising rotatably moving the stage during 
said directing epergwand said detecting energy. 

2567. The method of claim 2564, further comprising laterally and rotatably moving the 
stage during said directing energy and said detecting energy. 

2568. The method of claim 2564, wherein the illumination system comprises a single 
energy source// 
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2569. The method of claim 25^4, wherein the illumination system comprises more than 
one energy source. j 

2570. The method of claim 2^64, wherein the detection system comprises a single 
energy sensitive device. 

2571. The method of claim ^564, wherein the detection system comprises more than one 
energy sensitive devices. 

2572. The method of claim/2564, wherein the measurement device further comprises a 

_ 

2573. The method of claim 2564, wherein the measurement device further comprises an 
interferometer. 

2574. The method of daim 2564, wherein the measurement device further comprises an 
optical profilometer. 

2575. The method off claim 2564, wherein the measurement device further comprises a 
spectroscopic reflecjometer. 

2576. The metoqiJ/Of clainr / 2564, wherein the measurement device further comprises a 

2577. The method of claim 2564, wherein the measurement device further comprises a 
dual beam spectrophotometer. 
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2578. The method of claim 2564, wherein the measurement device further comprises a 
beam profile ellipsometer. 

2579. The method of claim 2^64, wherein the measurement device further comprises a 
5 non-imaging scatterometer. 

2580. The method of claim ?564, wherein the measurement device further comprises a 
scatterometer. 

1 0 258 1 . The method of claim 12564, wherein the measurement device further comprises a 
spectroscopic scatterometer. 


UT 


3 

P. 
fU 


2582. The method of claim 2564, wherein the measurement device further comprises a 
reflectometer. 

15 

2583. The method of cllim 2564, wherein the measurement device further comprises a 
bright field imaging device. 


2584. The method of claim 2564, wherein the measurement device further comprises a 
20 dark field imaging device. 


2585. The metHBd ofeclaim 2564, wherein the measurement device further comprises a 
/ 

bright field and dark field imaging device. 


25 2586. The method of claim 2564, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a coherence 
probe microscope, an interferometer, an optical profilometer, a spectroscopic 
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reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam 
profile ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometeL a bright field imaging device, a dark field imaging device, 
and a bright field and dark field imaging device. 

2587. The method of claim 2564, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

2588. The method of claim 2564, further comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 


energy propagating from the multiple locations substantially simultaneously such that one 
or more of the at least two properties of the specimen can be determined at the multiple 


2589. The method of claim 2564, wherein the stage and the measurement device are 


coupled to a process tool. 

2590. The metho'd of claim 2564, wherein the stage and the measurement device are 


2591 . The method of claim 2564, wherein the stage and the measurement device are 


locations substantially simultaneously. 



coupled to a torocess tool, and wherein the stage and the measurement device are disposed 

/ 

within the process tool. 
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2592. The method of claim 2564, wherein the stage and the measurement device are 
coupled to a lithography [tool. 

2593. The method of cpim 2564, wherein the stage and the measurement device are 
5 coupled to a lithography tool, the method further comprising determining the flatness 

measurement of the specimen prior to an exposure step of the lithography process and 
determining the overlay misregistration subsequent to the exposure step of the 

lithography process. ' 

i 

1 0 2594. The method of claim. 2564, wherein the stage and the measurement device are 
coupled to a process fool, wherein the process tool comprises a wafer handler, and 


wherein disposing the specimen upon the stage comprises moving the specimen from the 
%Q process tool to the stage using the wafer handler. 


Hh 15 2595. The methodjof claim 2564, wherein the stage and the measurement device are 

£0 coupled to a process tool, the method further comprising moving the specimen to the 

I 

process tool subsequent to said directing and said detecting using the stage. 


tl 2596. The method of claim 2564, wherein the stage and the measurement device are 

u,. 20 coupled to a process tool, the method further comprising determining at least the two 
properties o/IK&Jpecimen while the specimen is waiting between process steps. 



2597. The method of claim 2564, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
25 to support the /specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 
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2598. The method of claim 2564, wherein the stage and the measurement device are 
coupled to a process tool, //wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to m upper surface of the support device. 

2599. The method of claim 2564, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 


10 2600. The method of claim 2564, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 


-J3 disposed within a process tool. 

m I 

i 

2 2601 . The method of claim 2564, wherein the stage and the measurement device are 

EH 1 5 disposed within a measurement chamber, and wherein the measurement chamber is 

m j 

arranged laterally proximate to a process chamber of a process tool. 


[11 2602. The method of claim 2564, wherein the stage and the measurement device are 

disposed within a^neasurement chamber, and wherein the measurement chamber is 
20 arranged vertically proximate to a process chamber of a process tool. 


2603. Thej^rietfeod of claim 2564, wherein the stage and the measurement device are 
disposed ^thiiameasurement chamber, wherein disposing the specimen upon the stage 
comprises disposr^^tli^ specimen upon a support device disposed within a process 
25 chamber of ^process tool, and wherein the support device is configured to support the 
specimen during a process step. 
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2604. The method of claiA 2603, further comprising performing said directing and said 
detecting during the process step. 

2605. The method of claim 2604, further comprising obtaining a signature 
characterizing the process step, wherein the signature comprises at least one singularity 
representative of an end of the process step. 


2606. The method of claim 2604, further comprising altering a parameter of one or more 

I 

instruments coupled to the process tool in response to at least one of the determined 
properties using an in situ control technique. 


2607. The method of c [aim 2564, further comprising moving the specimen from a first 
process chamber to a second process chamber using the stage, wherein the first process 
chamber and the second process chamber are disposed within a process tool. 

2608. The method of claim 2607, further comprising performing said directing and said 
detecting during said Roving the specimen from the first process chamber to the second 
process chamber. 


2609. The method of claim 2564, further comprising comparing at least one of the 
determined pkipe^ties of,the specimen and determined properties of a plurality of 
specimens. 


2610. The method of claim 2564, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 
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2611. The method of clainjl 26 1 0, further comprising generating an output signal if at 


least one of the determined 
range for the property. 


properties of the specimen is outside of the predetermined 


2612. The method of claim 2564, further comprising altering a sampling frequency of 

I 

the measurement device in response to at least one of the determined properties of the 
specimen. ,f 

2613. The method of claim 2564, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedback control technique. 

/ 

2614. The method of claim 2564, further comprising altering a parameter of one or more 
instruments coupled tl the measurement device in response to at least one of the 
determined properties using a feedforward control technique. 


/ 

261 5. The method of claim 2564, further comprising generating a database, wherein the 

j 

database comprises the determined first and second properties of the specimen. 


2616. The method of claim 2564, further comprising generating a database, wherein the 
/ 

database comprises the determined first and second properties of the specimen, the 
method furaiercomprising calibrating the measurement device using the database. 



2617. The method of claim 2564, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 

method further comprising monitoring output signals of the measurement device using 

/ / 

the database. 

7 
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261 8. The method of cla|n 2564, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 
wherein the database further comprises first and second properties of a plurality of 
specimens. 

j 

26 1 9. The method of claim 2618, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising calibrating tlie plurality of measurement devices using the database. 

! 

,i 

2620. The method of claim 2618, wherein the first and second properties of the plurality 

j 

of specimens are generated using a plurality of measurement devices, the method further 
comprising monitoring|output signals of the plurality of measurement devices using the 
database. 


2621 . The method of claim 2564, wherein a stand alone system is coupled to the 
measurement devicejthe method further comprising calibrating the stand alone system 
with a calibration standard and calibrating the measurement device with the stand alone 
system. 


2622. The method of claim 2564, wherein a stand alone system is coupled to the 
measurement device and at least one additional measurement device, the method further 
comprising calibrating the stand alone system with a calibration standard and calibrating 
the measurement %vice an at least the one additional measurement device with the stand 
alone system. / 

/ 

2623. The m^/hod of claim 2564, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
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parameter of one or more instruments coupled to a process tool in response to at least one 
of the determined properties jof the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 

2624. The method of claim 2564, further comprising altering a parameter of one or more 

I 

instruments coupled to a process tool in response to at least one of the determined 

I 

properties using a feedback control technique. 


2625. The method of claim 2564, further comprising altering a parameter of one or more 
10 instruments coupled to a process tool in response to at least one of the determined 
properties using a feedforward control technique. 

a 

yy 2626. The method of claim 2564, further comprising monitoring a parameter of one or 


more instruments coupled to the process tool. 

j 

2627. The method of claim 2626, further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters. 


2628. The method of claim 2627, further comprising altering a parameter of at least one 
20 of the instruments in response to the relationship. 


2629. The mfet^d^ofclaim 2564, further comprising altering a parameter of one or more 
instruments coupl'ed to a plurality of process tools in response to at least one of the 
determined properties of the specimen. 


comprises: ^ 


2630. The method of claim 2564, wherein processing the one or more output signals 
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at least partially processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 

sending the partially processed one or more output signals from the local 
processor to a remc te controller computer; and 

further processing the partially processed one or more output signals using the 
remote controller computer. 


1 0 263 1 . The method of claim 2630, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 


2632. The method of claim 2630, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
1 5 specimen. 


2633. A computer-implemented method for controlling a system configured to 
determine at least twcy properties of a specimen during use, wherein the system comprises 
a measurement devi^L. the method comprising: 


controllmg^iie measurement device, wherein the measurement device comprises 
an illumination system and a detection system, and wherein the measurement 
device is coupled to a stage, comprising: 

25 controlling the illumination system to direct energy toward a surface of the 

specimen; 
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controlling the deletion system to detect energy propagating from the 
surface of the specimen; and 

I 

generating one orjmore output signals responsive to the detected energy; 
and 

processing the one or Aore „u.pu, signa, s to define a firs, property and a 

second property of the' specimen, wherein the first property comprises overlay 


misregistration of the|specimen, and wherein the second property comprises a 

flatness measurement of the specimen. 

I 

2634. The method of claim 2633, further comprising controlling the stage, wherein the 

I 

stage is configured to support the specimen. 


2635. The method of claim 2633, further comprising controlling the stage to laterally 

i 

move the stage during said directing energy and said detecting energy. 


2636. The method of claim 2633, further comprising controlling the stage to rotatably 
move the stage during said directing energy and said detecting energy. 


2637. The method ^claim 2633, further comprising controlling the stage to laterally 
and rotatably move the^tage/during said directing energy and said detecting energy. 


2638. The method of claim 2633, wherein the illumination system comprises a single 
energy source. / / 

2639. The mettf^d'of claim 2633, wherein the illumination system comprises more than 


one energy soiree 
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2640. The method of claim 2633, wherein the detection system comprises a single 
energy sensitive device. 1 

2641 . The method of claim 2633, wherein the detection system comprises more than one 
energy sensitive devices, j 

2642. The method of claim 2633, wherein the measurement device further comprises a 
coherence probe microscope. 

2643. The method of claim 2633, wherein the measurement device further comprises an 
interferometer. 

2644. The method of claim 2633, wherein the measurement device further comprises an 
optical profilometer. 


2645. The method of claim 2633, wherein the measurement device further comprises a 
spectroscopic reflectolneter. 


2646. The method of claim 2633, wherein the measurement device further comprises a 

ii. /'TV 
spectroscopic ellipsometer. 



2647. The method of claim 2633, wherein the measurement device further comprises a 
dual beam spectrophotometer. 


2648. The method of claim 2633, wherein the measurement device further comprises a 


beam profile ellipsometer. 

/ 
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2649. The method of cla|m 2633, wherein the measurement device further comprises a 
non-imaging scatterometer. 


2650. The method of cfaim 2633, wherein the measurement device further comprises a 
5 scatterometer. 


2651. The method of claim 2633, wherein the measurement device further comprises a 

I 

spectroscopic scatterometer. 


1 0 2652. The method of\ claim 2633, wherein the measurement device further comprises a 
reflectometer. 

2653. The method of claim 2633, wherein the measurement device further comprises a 
bright field imaging device. 


15 


2654. The method of claim 2633, wherein the measurement device further comprises a 
dark field imaging device. 


2655. The method jof claim 2633, wherein the measurement device further comprises a 


20 bright field and dari field imaging device. 

(L- 

2656. The methQ^o£claim 2633, wherein the measurement device further comprises at 
least a first measuiement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a coherence 
25 probe microscoj*, an interferometer, an optical profilometer, a spectroscopic 

reflectometer, afspectroscopic ellipsometer, a dual beam spectrophotometer, a beam 
profile ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
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scatterometer, a reflecljjpmeter, a bright field imaging device, a dark field imaging device, 
and a bright field and dark field imaging device. 


2657. The method of claim 2633, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


2658. The method of claim 2633, further comprising controlling the illumination system 
to direct energy toward multiple locations on the surface of the specimen substantially 
simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations subs antially simultaneously such that one or more of the at least two 
properties of the specimen can be determined at the multiple locations substantially 
simultaneously. 


2659. The method of 


laim 2633, wherein the stage and the measurement device are 


coupled to a process tool. 


2660. The method ofi claim 2633, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proxfrnate tW the process tool. 

2661 . The method of ctaim 2633, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tpol. 


2662. The method of claim 2633, wherein the stage and the measurement device are 

I • 

coupled to a process tool, and wherein the process tool comprises a lithography tool. 
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15 


2663. The method cjf claim 2633, wherein the system is coupled to a lithography tool, 
the method further comprising controlling the system to determine the flatness 
measurement of the specimen prior to an exposure step of the lithography process and 
controlling the systen to determine the overlay misregistration subsequent to the 
exposure step of the lithography process. 


2664. The method of claim 2633, wherein the stage and the measurement device are 
coupled to a process tbol, the method further comprising controlling a wafer handler to 
move the specimen fiim the process tool to the stage, and wherein the wafer handler is 

2665. The method of claim 2633, wherein the stage and the measurement device are 
coupled to a processftool, the method further comprising controlling the stage to move the 
specimen from the system to the process tool. 


2666. The method 


move the specimei 


of claim 2633, wherein the stage and the measurement device are 


coupled to a process tool, the method further comprising controlling a wafer handler to 


from the process tool to the stage such that at least the two properties 


H 20 of the specimen can be determined while the specimen is waiting between process steps. 


25 


2667. The m&ho&bf Qiaim 2633, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is! substantially parallel to an upper surface of the stage. 


2668. The method of claim 2633, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
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to support the specimen 
is angled with respect to 


luring a process step, and wherein an upper surface of the stage 
an upper surface of the support device. 


2669. The method of claim 2633, wherein the stage and the measurement device are 
disposed within a measu rement chamber, and wherein the measurement chamber is 
coupled to a process too . 


arranged laterally proximate to a process chamber of a process tool. 

I 
I 

2672. The method of claim 2633, wherein the stage and the measurement device are 


2670. The method of claim 2633, wherein the stage and the measurement device are 

f 

disposed within a measurement chamber, and wherein the measurement chamber is 
10 disposed within a process tool. 

yo 2671 . The method of claim 2633, wherein the stage and the measurement device are 

. r?% .; 

jji- disposed within a measurement chamber, and wherein the measurement chamber is 


15 


*r disposed within a measurement chamber, and wherein the measurement chamber is 

\ y arranged vertically proximate to a process chamber of a process tool. 

0 I 

CI' | 

20 2673. The m©tfo# of claim 2633, further comprising disposing the specimen upon a 
support devicje diroosed within a process chamber of a process tool, and wherein the 
support device is/configured to support the specimen during a process step. 

2674. The metnod of claim 2673, further comprising controlling the illumination system 
25 and controlling the detection system during the process step to obtain a signature 

characterizing^ the process step, wherein the signature comprises at least one singularity 
representati^of an end of the process step. 
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20 


2675. The method of claiiffi 2673, further comprising controlling the illumination system 
and controlling the detection system during the process step to alter a parameter of one or 


more instruments coupled 
properties using an in situj 


jjto the process tool in response to at least one of the determined 
control technique. 


2676. The method of cl^im 2633, further comprising controlling the stage to move the 
specimen from a first process chamber to a second process chamber, wherein the first 
process chamber and the second process chamber are disposed within a process tool. 


10 2677. The method of claim 2676, further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to the second process chamber. 

2678. The method of claim 2633, further comprising comparing at least one of the 

1 5 determined properties of the specimen and determined properties of a plurality of 

) 

specimens. ' 

I 

2679. The method of claim 2633, further comprising comparing at least one of the 

I 

determined properties of the specimen to a predetermined range for the property. 


2680. Thefrnetho^Jof claim '2679, further comprising generating an output signal if at 
least one of W©^determined^properties of the specimen is outside of the predetermined 


range for the property. 

25 268 1 . The method of claim 2633, further comprising altering a sampling frequency of 

i * 

the measurement device in response to at least one of the determined properties of the 
specimen. / 
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2682. The method of claim 26t83 3 further comprising altering a parameter of one or more 

\ 

instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedback control technique. 


2683. The method of claim 2633, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedforward control technique. 


2684. The method of claim 2633, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 
method further comprising calibrating the measurement device using the database. 


2685. The method of claim 2633, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 
method further comprising iionitoring output signals of the measurement device using 
the database. 


2686. The method ofclaim 2633, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 
wherein the database furt&er^mprises determined first and second properties of a 
plurality of specimens. 

2687. The method of claim 2686, wherein the determined first and second properties of 
the plurality of specimens are generated using a plurality of measurement devices, the 
method further composing calibrating the plurality of measurement devices using the 
database. 
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2688. The method of claim 26^6, wherein the determined first and second properties of 
the plurality of specimens are generated using a plurality of measurement devices, the 
method further comprising monitoring output signals of the plurality of measurement 
devices using the database. 

2689. The method of claim 2633, wherein a stand alone system is coupled to the system, 
the method further comprising controlling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. 

I 

2690. The method of claim 2633, wherein a stand alone system is coupled to the system 
and at least one additional system, the method further comprising controlling the stand 
alone system to calibrate thejstand alone system with a calibration standard and further 
controlling the stand alone system to calibrate the system and at least the one additional 
system. 

269 1 . The method of claim 2633, wherein the system is further configured to determine 
at least the two properties/of the specimen at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
one parameter of one or Anore instruments coupled to a process tool in response to at least 
one of the determijfed t^erties of the specimen at the more than one position on the 
specimen to reduc^Whin wafer variation of at least one of the determined properties. 


2692. The method pi claim 2633, further comprising altering a parameter of one or more 
instruments couplea to a process tool in response to at least one of the determined 
properties using a/feedback control technique. 
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2693. The method of claim 2683, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties using a feedforward^ control technique. 

2694. The method of claim 2633, further comprising monitoring a parameter of one or 
more instruments coupled to a process tool. 


2695. The method of claim |26 94 5 further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters. 


2696. The method of claim 2695, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 


2697. The method of claim 2633, further comprising altering a parameter of one or more 
instruments coupled to a plurality of process tools in response to at least one of the 

2698. The method of claim 2633, wherein processing the one or more output signals 
comprises: 

at least/^artiall| processing the one or more output signals using a local processor, 

sending the partially processed one or more output signals from the local 
processor ti a remote controller computer; and 
/ 

further processing the partially processed one or more output signals using the 
remote controller computer. 
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2699. The method of claim 2698, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 


2700. The method of claim 2698, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 


2701 . A semiconductor device fabricated by a method, the method comprising: 
forming a portion of the semiconductor device upon a specimen; 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


I 

directing energy toward a surface of the specimen using the illumination system; 


detecting energy-pr^agatinjg from the surface of the specimen using the detection 
system; 



generating one or more output signals responsive to the detected energy; and 

processing the ofte or more output signals to determine a first property and a 
second properraof the specimen, wherein the first property comprises overlay 
misregistrationfof the specimen, and wherein the second property comprises a 
flatness measurement of the specimen. 
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2702. The device of claim 2pi , wherein the illumination system comprises a single 
energy source. 

2703. The device of claim 2701 , wherein the illumination system comprises more than 
5 one energy source. 

2704. The device of claim 27|01 , wherein the detection system comprises a single energy 
sensitive device. * 


10 2705. The device of claim 2701, wherein the detection system comprises more than one 
energy sensitive devices. ' 


id 


ru 


2706. The device of claim 2 ; 701, wherein the measurement device is selected from the 

group consisting of a coherence probe microscope, an interferometer, an optical 

j 

15 profilometer, a spectroscopic reflectometer, a spectroscopic ellipsometer, a dual beam 
spectrophotometer, a beam profile ellipsometer, a non-imaging scatterometer, a 
scatterometer, a spectroscopic scatterometer, a reflectometer, a bright field imaging 
device, a dark field imaging device, and a bright field and dark field imaging device. 

\ 

20 2707. The device ofjclaiin 2701, wherein the measurement device further comprises at 

V if / 

least a first measuremeny3evice/and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a coherence 
probe microscope, an imerferometer, an optical profilometer, a spectroscopic 
reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam 
25 profile ellipsometer, amon-imaging scatterometer, a scatterometer, a spectroscopic 

scatterometer, a reflectometer, a bright field imaging device, a dark field imaging device, 
and a bright field and dark field imaging device. 
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2708. The device of claim 12701, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


2709. The device of clair 
coupled to a process tool. 


2701, wherein the stage and the measurement device are 


I 

2710. The device of claim 2701, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool comprises a lithography tool. 


2711. The device of claim 2701, wherein the stage and the measurement device are 
coupled to a lithography tool, the method further comprising determining the flatness 
measurement of the specimen prior to an exposure step of the lithography process and 
determining the overlay misregistration subsequent to the exposure step of the 
lithography process. 


2712. A method for fabricating a semiconductor device, comprising: 


formin^a-p^rtion of the semiconductor device upon a specimen; 


disposin^feefspecimen upon a stage, wherein the stage is coupled to a 

I \ / 

measurement device' and wherein the measurement device comprises an 


illumination system and a detection system; 


directing energy toward a surface of the specimen using the illumination system; 

h 
j! 
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detecting energy propag^ ting from the surface of the specimen using the detection 
system; 

generating one or more dutput signals responsive to the detected energy; and 

processing the one or rrjore output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises overlay 
misregistration of the specimen, and wherein the second property comprises a 
flatness measurement of the specimen. 

2713. The method of claim 2712, wherein the illumination system comprises a single 
energy source. , 

V 

a 

2714. The method of claim 2712, wherein the illumination system comprises more than 

// 

one energy source. 

2715. The method of claim 2712, wherein the detection system comprises a single 
energy sensitive device. 


2716. The method of claim 2712, wherein the detection system comprises more than one 
energy sensitive devices. 


271 7. The methodoMblaim 2712, wherein the measurement device is selected from the 
group consisting of i conerence probe microscope, an interferometer, an optical 
profilometer, a spectroscopic reflectometer, a spectroscopic ellipsometer, a dual beam 
spectrophotometer^ beam profile ellipsometer, a non-imaging scatterometer, a 
scatterometer, a spectroscopic scatterometer, a reflectometer, a bright field imaging 
device, a dark fielft imaging device, and a bright field and dark field imaging device. 


Page 716 


Conley, Rose & Tayon 


271 8. The method of claim 2x12, wherein the measurement device further comprises at 
least a first measurement devic ; and a second measurement device, and wherein the first 
and second measurement devic bs are selected from the group consisting of a coherence 
probe microscope, an interferon neter, an optical profilometer, a spectroscopic 
reflectometer, a spectroscopic lllipsometer, a dual beam spectrophotometer, a beam 
profile ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer J a bright field imaging device, a dark field imaging device, 
and a bright field and dark field imaging device. 

27 1 9. The method of claim 2712, wherein the measurement device further comprises at 
least a first measurement devfice and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

2720. The method of clajm 2712, wherein the stage and the measurement device are 
coupled to a process toolj 

2721 . The meth^dTfTalaim 2712, wherein the stage and the measurement device are 

coupled to a prc[cess tcpl, pd wherein the process tool comprises a lithography tool. 

/ 

/ 

2722. The method Jf claim 2712, wherein the stage and the measurement device are 
coupled to a lithography tool, the method further comprising determining the flatness 
measurement of the specimen prior to an exposure step of the lithography process and 
determining the Overlay misregistration subsequent to the exposure step of the 
lithography process. 
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2723. A system configured td determine at least two properties of a specimen during 
use, comprising: 1 

{ 

a stage configured to support the specimen during use; 

a measurement device c oupled to the stage, comprising: 

an illumination jsystem configured to direct energy toward a surface of the 
specimen during use; and 

a detection syst^n coupled to the illumination system and configured to 
detect energMpro^agating from the surface of the specimen during use, 
wherein themeasurement device is configured to generate one or more 
output signals respbnsive to the detected energy during use; 

a local processor coupled to the measurement device and configured to at least 
partially process tde one or more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote 
controller compjuter is configured to receive the at least partially processed one or 
more output signals and to determine a first property and a second property of the 
specimen from? the at least partially processed one or more output signals during 
use, wherein tlie first property comprises overlay misregistration of the specimen, 
and wherein the second property comprises a flatness measurement of the 

specimen. I 

// 

2724. The system of claim 2723, wherein the measurement device is selected from the 
group consisting of a coherence probe microscope, an interferometer, an optical 
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profilometer, a spectroscopic refle 
spectrophotometer, a beam profile 


tometer, a spectroscopic ellipsometer, a dual beam 
ellipsometer, a non-imaging scatterometer, a 
scatterometer, a spectroscopic sc^terometer, a reflectometer, a bright field imaging 
device, a dark field imaging device, and a bright field and dark field imaging device. 


2725. The system of claim 2728, wherein the measurement device further comprises at 
least a first measurement device] and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a coherence 
probe microscope, an interferometer, an optical profilometer, a spectroscopic 
10 reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam 


profile ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer ,ja bright field imaging device, a dark field imaging device, 
and a bright field and dark fiel'd imaging device. 

i 

1 5 2726. The system of claim 2|723, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


M 20 2727. The system of claim 2723, wherein the remote controller computer is further 
coupled to a process tool. 

2728. The system oft^i^2723, wherein the remote controller computer is further 
coupled to a process tool, and wherein the process tool comprises a lithography tool. 

25 

2729. The system of claim 2723, wherein the system is coupled to a lithography tool, 
wherein the system is configured to determine the flatness measurement of the specimen 
prior to an exposure step of the lithography process, and wherein the system is configured 
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to determine the overlay misregistration subsequent to the exposure step of the 
lithography process. 


2730. The system of claim 2723 wherein the remote controller computer is further 
5 coupled to a process tool, and wh srein the remote controller computer is further 

configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least one of the determined properties using a feedback control technique 
during use. 


1 0 273 1 . The system of claim_2223 , wherein the remote controller computer is further 
coupled to a process tocfi, and/ wherein the remote controller computer is further 


m 


Hi 15 


\4 20 


yp configured to alter a parameter o^one or more instruments coupled to the process tool in 

response to at least one of^Seaetermined properties using a feedforward control 
technique during use. 


^ 2732. The system of claim 2723, wherein the remote controller computer is further 

O coupled to a process tool, and wherein the remote controller computer is further 
*S / 

fU configured to monitor a pjarameter of one or more instruments coupled to the process tool 

2 during use. 


2733. The system of claim 2732, wherein the remote controller computer is further 
configured to determine a relationship between at least one of the determined properties 
and at least one of the/monitored parameters during use. 


25 2734. The system of claim 2733, wherein the remote controller computer is further 

configured to alter ^/parameter of one or more instruments in response to the relationship 
during use. 
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2735. The system of claim 2723, 
to direct energy toward the surface 
detection system is further config 


^herein the illumination system is further configured 
f the specimen during a process step, wherein the 
d to detect energy propagating from the surface of 
the specimen during the process stip, and wherein the remote controller computer is 
further configured to determine thjb first and second properties of the specimen during the 
process step. 


2736. The system of claim 273p, wherein the remote controller computer is further 
configured to obtain a signaturd characterizing the process step during use, and wherein 
the signature comprises at leastjone singularity representative of an end of the process 
step. 

2737. The system of claim 21/35, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least one of thjp determined properties using an in situ control technique 
during use. 


2738. The system of claim 2723, wherein a process tool comprises a first process 
chamber and a second,pd!cess chamber, and wherein the stage is further configured to 
move the specimen from the first process chamber to the second process chamber during 
use. Sr v 


2739. The system ofpaim 2723, wherein the illumination system is further configured 
to direct energy toward the surface of the specimen during said moving, wherein the 
detection system is further configured to detect energy propagating from the surface of 
the specimen during said moving, and wherein the remote controller computer is further 
configured to determine the first and second properties of the specimen during said 
moving. 
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2740. The systefri of claim 2723, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen and 
properties of a plurality of specimens during use. 

2741 . The system of claim 2723, wherein the remote controller computer is further 
configured to compare at least one of the determined properties of the specimen to a 
predetermined range for the property during use. 

2742. The systeri of claim 2741, wherein the remote controller computer is further 
configured to generate an output signal if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property during use. 


2743. The system 
configured to alte 
one of the 


of claim 2723, wherein the remote controller computer is further 
a sampling frequency of the measurement device in response to at least 
determined properties of the specimen during use. 


2744. The system of claim 2723, wherein the remote controller computer is further 


configured to alter a parameter of one or more instruments coupled to the measurement 
device in response to at least one of the determined properties using a feedback control 
technique during use. 


2745. The system of claim 2723, wherein the remote controller computer is further 

configured to ajter a parameter of one or more instruments coupled to the measurement 
i 

device in response to at least one of the determined properties using a feedforward control 
technique during use. 
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2746. The system of claim 2723, wherein ( the remote controller computer is further 
configured to generate a database during u/e, and wherein the database comprises the 

determined first and second properties of the specimen. 

/ 
/ 

2747. The system of claim 2723, wherein the remote controller computer is further 
configured to generate a database during use, wherein the database comprises the 
determined first and second properties/of the specimen, and wherein the remote controller 
computer is further configured to calibrate the measurement device using the database 

during use. / 

I 

/ 

2748. The system of claim 2723,/wherein the remote controller computer is further 

configured to generate a database^ during use, wherein the database comprises the 

determined first and second properties of the specimen, and wherein the remote controller 

computer is further configured/o monitor output signals generated by measurement 

device using the database durfeg use. 

/ 

/ 

2749. The system of clairtf2723, wherein the remote controller computer is further 

configured to generate a d/tabase during use, wherein the database comprises the 

/ 

determined first and second properties of the specimen, and wherein the database further 

comprises first and second properties of a plurality of specimens. 

/ 
/ 
/ 

2750. The system o^ claim 2749, wherein the first and second properties of the plurality 
of specimens ar^determined using a plurality of measurement devices, wherein the 
remote controller ^Qriiputer is further coupled to the plurality of measurement devices, 
and wherein the gemote controller computer is further configured to calibrate the plurality 
of measurement devices using the database during use. 

/ 
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275 1 . The system of claim wherein the first and second properties of the plurality 

j 

of specimens are determined Using a plurality of measurement devices, wherein the 
remote controller computer i| further coupled to the plurality of measurement devices, 
and wherein the remote con/roller computer is further configured to calibrate the plurality 
5 of measurement devices us|ng the database during use. 

i 

t 
I 

2752. The system of claiip 2723, wherein the remote controller computer is further 

i 

coupled to a plurality of n^feasurement devices, and wherein the plurality of measurement 
devices is coupled to at le&st one of a plurality of process tools. 

I 

2753. The system of clafm 2723, wherein the remote controller computer is further 
O I 

yg coupled to a plurality of process tools, and wherein the remote controller computer is 

j]* further configured to altejr a parameter of one or more instruments coupled to the plurality 

^ of process tools during ujse. 

*" 2754. A method for dejtermining at least two properties of a specimen, comprising: 

O I 

e / 

pj disposing the specimen upon a stage, wherein the stage is coupled to a 

□ I 

q measurement crevice, and wherein the measurement device comprises an 

^ 20 illumination system and a detection system; 

detecting energy propagating from the surface of the specimen using the detection 
25 system; / 

/ 

/ 

generating/one or more output signals responsive to the detected energy; and 

/ 
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processing the one or mora output signals to determine a first property and a 
second property of the spec imen, wherein the first property comprises overlay 
misregistration of the specimen, and wherein the second property comprises a 
flatness measurement of ths specimen, comprising: 

at least partially processing the one or more output signals using a local 
processor, whereirw the local processor is coupled to the measurement 
device; / 

sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 

further processmg the partially processed one or more output signals using 
the remote controller computer. 

2755. The method of claim 2754, wherein the measurement device is selected from the 
group consisting of a coherence probe microscope, an interferometer, an optical 
profilometer, a spectroscopic reflectometer, a spectroscopic ellipsometer, a dual beam 
spectrophotometer, a beam profile ellipsometer, a non-imaging scatterometer, a 
scatterometer, a spectroscopic scatterometer, a reflectometer, a bright field imaging 
device, a dark field imaging device, and a bright field and dark field imaging device. 

2756. The method of <Aaim 2754, wherein the measurement device further comprises at 
least a first measurcnim\devke and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a coherence 
probe microscope, an interferometer, an optical profilometer, a spectroscopic 
reflectometer, a spectroscopic ellipsometer, a dual beam spectrophotometer, a beam 
profile ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
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scatterometer, a reflectometer, a bright fie 
and a bright field and dark field imaging d 


d imaging device, a dark field imaging device, 
vice. 


2757. The method of claim 2754, wherei 1 the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device pomprise optical elements of the second 
measurement device. 


a 


a 


2758. The method of claim 2754, wherjbin the remote controller computer is further 
1 0 coupled to a process tool. 

2759. The method of claim 2754, wherein the remote controller computer is further 
coupled to a process tool, and wherein/ the process tool is comprises a lithography tool. 

1 5 2760. The method of claim 2754, wherein the stage and the measurement device are 
coupled to a lithography tool, the method further comprising determining the flatness 
measurement of the specimen prior ro an exposure step of the lithography process and 
determining the overlay misregistration subsequent to the exposure step of the 
lithography process. 

20 

2761 . The method of claim 275 A, wherein the remote controller computer is further 
coupled to a process tool, the method further comprising altering a parameter of one or 
more instruments coupled t^th^ process tool using the remote controller computer in 
response to at least one of i^^t^rmined properties of the specimen using a feedback 
25 control technique. 


2762. The method of claim 2754, wherein the remote controller computer is further 
coupled to a process tool, -me method further comprising altering a parameter of one or 
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more instruments coupled to the process toil using the remote controller computer in 
response to at least one of the determined properties of the specimen using a feedforward 
control technique. 

5 2763. The method of claim 2754, where|n the remote controller computer is further 
coupled to a process tool, the method further comprising monitoring a parameter of one 
or more instruments coupled to the process tool using the remote controller computer. 

2764. The method of claim 2763, further comprising determining a relationship between 
1 0 at least one of the determined properties and at least one of the monitored parameters 
using the remote controller computer 


yj 

3 


s 5 E 
! -sap 

.ssss; 


15 


20 


2765. The method of claim 2764, /further comprising altering a parameter of one or more 
instruments coupled to the proces^ tool in response to the relationship using the remote 
controller computer. 

2766. The method of claim 27&4, wherein the illumination system and the detection 
system are coupled to a process chamber of a process tool, the method further comprising 
performing said directing and/said detecting during a process step. 

2767. The method of claim 2766, further comprising obtaining a signature 
characterizing the process step using the remote controller computer, wherein the 
signature comprises at le^pt one^ingularity representative of an end of the process step. 


25 2768. The method of claim 2766, further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to at least one of the/determined properties using an in situ control technique. 
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2769. The method of claim 2754, furtl er comprising: 

moving the specimen from a fir >t process chamber to a second process chamber 
using the stage; and 

performing said directing and said detecting during said moving the specimen. 

2770. The method of claim 2754, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 
specimens using the remote controlter computer. 

2771 . The method of claim 2754,/further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property using the 
remote controller computer. / 

2772. The method of claim 27711, further comprising generating an output signal using 
the remote controller computer iff at least one of the determined properties of the 
specimen is outside of the predetermined range for the property. 

2773. The method of claim 2tf54, further comprising altering a sampling frequency of 
the measurement device in response to at least one of the determined properties of the 
specimen. /^rs ) 


2774. The method of claim 2754, further comprising altering a parameter of one or more 
instruments coupled to the measurement device using the remote controller computer in 
response to at least one of Ihe determined properties using a feedback control technique. 
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2775. The method of claim 2754 
instruments coupled to the measurement 
response to at least one of the determine i 
technique. 


further comprising altering a parameter of one or more 
device using the remote controller computer in 
properties using a feedforward control 


2776. The method of claim 2754, flirt: 
remote controller computer, wherein th ? 
second properties of the specimen, the 
measurement device using the remote 


er comprising generating a database using the 
database comprises the determined first and 
nethod further comprising calibrating the 
ontroller computer and the database. 


2777. The method of claim 2754, further comprising generating a database using the 
remote controller computer, wherein ihe database comprises the determined first and 
second properties of the specimen, tme method further comprising monitoring the 
measurement device using the remoie controller computer and the database. 

2778. The method of claim 2754ifurther comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 
second properties of the specimen, and wherein the database further comprises first and 
second properties of a plurality of specimens. 

2779. The method of claim 2778, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising calibrating the/pljp^lity pf measurement devices using the remote controller 
computer and the database. 


2780. The method of claim 2778, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
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comprising monitoring output signals of the plurality of measurement devices using the 
remote controller computer and the database. 


2781. The method of claim 2754, further c omprising sending the at least partially 
processed one or more output signals from i plurality of local processors to the remote 
controller computer, wherein each of the pi arality of local processors is coupled to one of 
a plurality of measurement devices. 

2782. The method of claim 2781, whereih at least one of the plurality of measurement 
devices is coupled to a process tool. I 

2783 . The method of claim 2782, furthd comprising altering a parameter of one or more 
instruments coupled to the process tool Using the remote controller computer in response 
to at least one of the determined properties of the specimen. 

2784. A system configured to determine at least two properties of a specimen during 
use, comprising: / 

a stage configured to support the specimen during use; 

a measurement device courfled to the stage, comprising: 

an illuminatioii^f^SP^ configured to direct energy toward a surface of the 
specimen during use; and 

a detection system coupled to the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
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wherein the measurement device is configured to generate one or more 

output signals respons ve to the detected energy during use; and 

i 


a processor coupled to the 
property and a second property 
signals during use, wherein t 
implanted region of the 
presence of defects on the sp 


measurement device and configured to determine a first 
of the specimen from the one or more output 
e first property comprises a characteristic of an 
specipnen, and wherein the second property comprises a 
cimen. 


10 2785. The system of claim 2784, wherein the stage is further configured to move 
laterally during use. 

2786. The system of claim 2784, ^Wherein the stage is further configured to move 
rotatably during use. 

15 

2787. The system of claim 2784j[ wherein the stage is further configured to move 
laterally and rotatably during use 

2788. The system of claim 27$4, wherein the illumination system comprises a single 
20 energy source. 

2789. The system of claim 2^84, wherein the illumination system comprises more than 
one energy source. 


25 2790. The system of claim/2784, wherein the detection system comprises a single energy 
sensitive device. 
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2791 . The system of claim 2784, wherein the detection system comprises more than one 
energy sensitive devices. 

2792. The system of claim 2784, whefein the measurement device further comprises a 
5 modulated optical reflectometer. 


2793. The system of claim 2784, wherein the measurement device further comprises an 
X-ray reflectance device. 

1 0 2794. The system of claim 2784, v^herein the measurement device further comprises an 
eddy current device. 


fey 


as s 

Hi 


2795. The system of claim 2784,/wherein the measurement device further comprises a 
photo-acoustic device. 

15 

2796. The system of claim 278^, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 

2797. The system of claim 2j784, wherein the measurement device further comprises a 
20 spectroscopic Teflectometer. 


2798. The system of cl^fn/ 27J4, wherein the measurement device further comprises a 
dual beam spectrophotome 


25 2799. The system of cla|im 2784, wherein the measurement device further comprises a 
non-imaging scatterometer. 
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2800. The system of claim 2784, wherein the/ measurement device further comprises a 
scatterometer. 

2801 . The system of claim 2784, wherein t^e measurement device further comprises a 
5 spectroscopic scatterometer. 

2802. The system of claim 2784, wherei^ the measurement device further comprises a 
reflectometer. 


o 

i 
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10 2803. The system of claim 2784, wherein the measurement device further comprises an 
ellipsometer. 

2804. The system of claim 2784, whprein the measurement device further comprises a 
non-imaging bright field device. 

15 

2805. The system of claim 2784, ^herein the measurement device further comprises a 
non-imaging dark field device. 

2806. The system of claim 2784, wherein the measurement device further comprises a 
20 non-imaging bright field and dark field device. 


2807. The system of claiirf^78)4, wherein the measurement device further comprises a 
bright field imaging device 


25 2808. The system of claim 2784, wherein the measurement device further comprises a 
dark field imaging device. 
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2809. The system of claim 2784, wherein the measurement device further comprises a 
bright field and dark field imaging device. 

2810. The system of claim 2784, w, lerein the measurement device further comprises at 
5 least a first measurement device and a second measurement device, and wherein the first 

and second measurement devices art selected from the group consisting of a modulated 
optical reflectometer, an X-ray reflectance device, an eddy current device, a photo- 
acoustic device, a spectroscopic ellnpsometer, a spectroscopic reflectometer, dual beam 
spectrophotometer, a non-imaging/scatterometer, a scatterometer, a spectroscopic 
10 scatterometer, a reflectometer, an fellipsometer, a non-imaging bright field device, a non- 
imaging dark field device, a non-itnaging bright field and dark field device, a bright field 
imaging device, a dark field imaging device, and a bright field and dark field imaging 
device. 

15 2811. The system of claim 2784, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 

20 28 1 2. The system of claim i784, wherein the measurement device further comprises 
non-optical components, and wherein the detected energy is responsive to a non-optical 
characteristic of the specimen. 


2813. The system of claim 2784, wherein the characteristic of the implanted region is 
25 selected from the group consisting of a presence of ions in the implanted region, a 
concentration of ions in ttte implanted region, a depth of the implanted region, and a 
distribution profile of the implanted region. 
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2814. The system of claim 2784J wherein the defects comprise micro defects and macro 
defects. 


2815. The system of claim 278 
5 defects. 


2816. The system of claim 2 7 8 
to direct energy toward a bottom 
detection system is further confi 
surface of the specimen during 
presence of defects on the bottojn 


wherein the defects comprises micro defects or macro 


wherein the illumination system is further configured 
surface of the specimen during use, wherein the 
lured to detect energy propagating from the bottom 

and wherein the second property further comprises a 
surface of the specimen. 


i se 


28 1 7. The system of claim 28 


6, wherein the defects comprise macro defects. 


15 2818. The system of claim 2784, wherein the system is further configured to determine 
at least the two properties of tile specimen substantially simultaneously during use. 

2819. The system of claim 21784, wherein the illumination system is further configured 
to direct energy to multiple locations on the surface of the specimen substantially 
20 simultaneously, and whefeirothe detection system is further configured to detect energy 
propagating from the multiple locations on the surface of the specimen substantially 
simultaneously such that onje or more of the at least two properties of the specimen can be 
determined at the multiple locations substantially simultaneously. 


25 2820. The system of clami 2784, wherein the system is coupled to a process tool. 


282 1 . The system of cpim 2784, wherein the system is coupled to a process tool, and 
wherein the system is disposed within the process tool. 
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2822. The system of claim 2784, whdrein the system is coupled to a process tool, and 
wherein the system is arranged laterally proximate to the process tool. 

jerein the system is coupled to a process tool, and 
wafer handler configured to move the specimen to 

therein the system is coupled to a process tool, and 
Love the specimen from the system to the process tool 

2825. The system of claim 2784/ wherein the system is coupled to a process tool, and 
wherein the stage is further configured to move the specimen to a process chamber of the 
process tool during use. / 

2826. The system of claim 2784, wherein the system is coupled to a process tool, and 
wherein the system is further Configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 

2827. The system of clWi£784, wherein the system is coupled to a process tool, 
wherein the process tool </omprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the support device is substantially 
parallel to an upper surface of the stage. 

2828. The system of claim 2784, wherein the system is coupled to a process tool, 
wherein the process/tool comprises a support device configured to support the specimen 


2823. The system of claim 2784, wl 
wherein the process tool comprises a 
the stage during use. 


2824. The system of claim 2784, 
wherein the stage is configured to 
during use. 
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during a process step, and wherein an upppr surface of the stage is angled with respect to 
an upper surface of the support device. / 

2829. The system of claim 2784, wherein the system is coupled to a process tool, and 
wherein the process tool is selected from the group consisting of an ion implanter and a 
thermal tool. / 

2830. The system of claim 2784, whirein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein trie measurement chamber is coupled to a process 
tool. / 

283 1 . The system of claim 2784, wherein the system further comprises a measurement 
chamber, wherein the stage and the measurement device are disposed within the 
measurement chamber, and wherein the measurement chamber is disposed within a 
process tool. / 

2832. The system of claim 2784, wherein the system further comprises a measurement 
chamber, wherein the stage andf the measurement device are disposed within the 
measurement chamber, ana wnerein the measurement chamber is arranged laterally 
proximate to a process chambfenof a process tool. 

2833. The system of clainV2784, wherein the system further comprises a measurement 
chamber, wherein the stag* and the measurement device are disposed within the 
measurement chamber, arid wherein the measurement chamber is arranged vertically 
proximate to a process chamber of a process tool. 
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2834. The system of claim 2784, wherein a process tool comprises a process chamber, 
wherein the stage is disposed within the process chamber, and wherein the stage is further 
configured to support the specimen during a process step. 

2835. The system of claim 2834, wherein the processor is further configured to 
determine at least the two properties of tne specimen during the process step. 

2836. The system of claim 2835, wherein the processor is further configured to obtain a 
signature characterizing the process step during use, and wherein the signature comprises 
at least one singularity representative of an end of the process step. 

2837. The system of claim 2835, wherein the processor is further coupled to the process 
tool and is further configured to alten a parameter of one or more instruments coupled to 
the process tool in response to at le^t one of the determined properties using an in situ 
control technique during use. / 

2838. The system of claim 2784,/wherein a process tool comprises a first process 
chamber and a second process chamber, and wherein the stage is further configured to 
move the specimen from the firsy process chamber to the second process chamber during 
use. i y 

2839. The system of claim 2838^wherein the system is further configured to determine 
at least the two properties of Ihe specimen as the stage is moving the specimen from the 
first process chamber to the/second process chamber. 

2840. The system of cl; 
at least one of the detent 
specimens during use. 


im 2784, wherein the processor is further configured to compare 
lined properties of the specimen and properties of a plurality of 
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2841. The system of claim 2784, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen to a predetermined range for the 
property during use. 

2842. The system of claim 2841, wherein the processor is further configured to generate 
an output signal if at least one of the determined properties of the specimen is outside of 
the predetermined range for the property during use. 


y \ 


1 0 2843. The system of claim 2784, wherein the processor is further configured to alter a 
sampling frequency of the measurement device in response to t at least one of the 
determined properties of the specimen during use. 

2844. The system of claim 2784, wherein tme processor is further configured to alter a 
1 5 parameter of one or more instruments coupled to the measurement device in response to 

at least one of the determined properties using a feedback control technique during use. 

2845. The system of claim 2784, wherelh the processor is further configured to alter a 
parameter of one or more instruments coupled to the measurement device in response to 

20 at least one of the determined prop^ftiqfug >ing a feedforward control technique during 
use. 


25 


2846. The system of claim 2784, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first and second 
properties of the specimen. 


2847. The system of claim 2784/ wherein the processor is further configured to generate 
a database during use, wherein ihe database comprises the determined first and second 
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properties of the specimen, and wherein tne processor is further configured to calibrate 
the measurement device using the database during use. 

2848. The system of claim 2784, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first and second 
properties of the specimen, and whereim the processor is further configured to monitor 
output signals generated by measurement device using the database during use. 

2849. The system of claim 2784, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first and second 
properties of the specimen, and wherein the database further comprises first and second 
properties of a plurality of specimens. 

2850. The system of claim 2849, wherein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices, wherein the 
processor is further coupled to the plurality of measurement devices, and wherein the 
processor is further configured to Calibrate the plurality of measurement devices using the 
database during use. / 

2851 . The system of claim 2&4^wherein the first and second properties of the plurality 
of specimens are determinen u^Pg/a plurality of measurement devices, wherein the 
processor is further coupled to the plurality of measurement devices, and wherein the 
processor is further configured/to monitor output signals generated by the plurality of 
measurement devices using thje database during use. 

2852. The system of claim £784, further comprising a stand alone system coupled to the 
system, wherein the stand alone system is configured to be calibrated with a calibration 
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standard during use, and wherein the stand alone system is further configured to calibrate 
the system during use. J 

2853. The system of claim 2784, further comprising a stand alone system coupled the 
system and at least one additional system] wherein the stand alone system is configured to 
be calibrated with a calibration standard during use, and wherein the stand alone system is 
further configured to calibrate the systerrJ and at least the one additional system during 
use. 

2854. The system of claim 2784, wherein the system is further configured to determine 
at least the two properties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a waf<4, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of the determined properties of the specimen at the more than one position on 
the specimen to reduce within wafer variation of at least one of the determined properties. 

2855. The system of claim 2784, wnerein the processor is further coupled to a process 
tool, and wherein the processor is furcher configured to alter a parameter of one or more 
instruments coupled to the process tS^Jn response to at least one of the determined 
properties using a feedback control technique during use. 

2856. The system of claim 2784, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to alter a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 
properties using a feedforward control technique during use. 
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2857. The system of claim 2784, wherein the processor is further coupled to a process 
tool, and wherein the processor is further configured to monitor a parameter of one or 
more instruments coupled to the process tool during use. 

2858. The system of claim 2857, wherein the processor is further configured to 
determine a relationship between at least one of the determined properties and at least one 
of the monitored parameters daring use. 

2859. The system of claim 2858, wherein the processor is further configured to alter a 
parameter of one or more ins ruments in response to the relationship during use. 

2860. The system of claim 2784, wherein the processor is further coupled to a plurality 
of measurement devices, and wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to at least one of the plurality of 
measurement devices duririg use. 

286 1 . The system of claim 2784, wherein the processor is further coupled to a plurality 
of measurement devices/and wherein at least one of the plurality of measurement devices 
is coupled to at least one of a plurality of process tools. 

2862. The system of Jblaim 2861, wherein the processor is further coupled to at least one 
of the plurality of profcess tools, and wherein the processor is further configured to alter a 
parameter of one or more instruments coupled to at least one of the plurality of process 
tools during use. y\) 

2863. The system of claim 2784, wherein the processor comprises a local processor 
coupled to the measurement device and a remote controller computer coupled to the local 
processor, wherein the local processor is configured to at least partially process the one or 
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more output signals during use, and wherein the remote controller computer is configured 
to further process the at least partially proce; sed one or more output signals during use. 

2864. The system of claim 2863, wherein tie local processor is further configured to 
determine the first property and the second { roperty of the specimen during use. 


2865. The system of claim 2863, wherein 
configured to determine the first property a 
use. J 


le remote controller computer is further 

id the second property of the specimen during 


2866. A method for determining at least/two properties of a specimen, comprising: 

disposing the specimen upon a sjage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; [ If 

generating one or more output signals responsive to the detected energy; and 

processing the one or mpre output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a 
characteristic of an implanted region of the specimen, and wherein the second 
property comprises a/presence of defects on the specimen. 
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2867. The method of claim 2866, furthdr comprising laterally moving the stage during 
said directing energy and said detecting energy. 

2868. The method of claim 2866, further comprising rotatably moving the stage during 
5 said directing energy and said detecting energy. 

2869. The method of claim 2866, further comprising laterally and rotatably moving the 
stage during said directing energy arid said detecting energy. 

10 2870. The method of claim 2866,/wherein the illumination system comprises a single 
energy source. 

287 1 . The method of claim 286j^, wherein the illumination system comprises more than 
one energy source. 


V?- 15 

03 


if* 


2872. The method of claim 2$66, wherein the detection system comprises a single 
energy sensitive device. 


2873. The method of < 
20 energy sensitive devices. 


wherein the detection system comprises more than one 


2874. The method of cliim 2866, wherein the measurement device further comprises a 
modulated optical reflecftometer. 

25 2875 . The method of claim 2866, wherein the measurement device further comprises an 
X-ray reflectance device. 
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2876. The method of claim 2866, wherein the measurement device further comprises an 
eddy current device. / 

2877. The method of claim 2866, wherein thfe measurement device further comprises a 
photo-acoustic device. / 

2878. The method of claim 2866, wherein the measurement device further comprises a 
spectroscopic ellipsometer. / 

2879. The method of claim 2866, wherein the measurement device further comprises a 
spectroscopic reftectometer. / 

2880. The method of claim 2866, wnerein the measurement device further comprises a 
dual beam spectrophotometer. / 

2881 . The method of claim 2866/wherein the measurement device further comprises a 
non-imaging scatterometer. / 

2882. The method of claim 28$>6 ? wherein the measurement device further comprises a 
scatterometer. ^7 \ 

2883. The method of claim 2866, wherein the measurement device further comprises a 
spectroscopic scatterometer. 

2884. The method of o4aim 2866, wherein the measurement device further comprises a 
reflectometer. / 
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2885. The method of claim 2866, wherein/the measurement device further comprises an 
ellipsometer. 


2886. The method of claim 2866, whereiji the measurement device further comprises a 
5 non-imaging bright field device. 

2887. The method of claim 2866, wherefn the measurement device further comprises a 
non-imaging dark field device. 

1 0 2888. The method of claim 2866, wherein the measurement device further comprises a 
non-imaging bright field and dark field device. 


15 


2889. The method of claim 2866, wh^ein the measurement device further comprises a 
bright field imaging device. 

2890. The method of claim 2866, wherein the measurement device further comprises a 
dark field imaging device. 


2891. The method of claim 286^ 
20 bright field and dark field imagi; 


prein the measurement device further comprises a 
Fice. , 


2892. The method of claim 2866, wherein the measurement device further comprises at 
least a first measurement device /and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a modulated 
25 optical reflectometer, an X-ray/reflectance device, an eddy current device, a photo- 
acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, dual beam 
spectrophotometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometjer, an ellipsometer, a non-imaging bright field device, a non- 
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imaging dark field device, a non-imaging bright field and dark field device, a bright field 
imaging device, a dark field imaging pevice, and a bright field and dark field imaging 
device. 

5 2893. The method of claim 2866, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measurement (Jevice comprise optical elements of the second 
measurement device. 

10 2894. The method of claim 28661 wherein the measurement device further comprises 
non-optical components, and wherein detecting energy comprises measuring a non- 
optical characteristic of the specimen. 

2895. The method of claim 28p6, wherein the characteristic of the implanted region is 
15 selected from the group consisting of a presence of ions in the implanted region, a 

concentration of ions in the implanted region, a depth of ions in the implanted region, and 
a distribution profile of the implanted region. 


2896. The method of claim/2866, wherein the defects comprise micro defects and macro 
20 defects. 


2897. The method of cr 
defects. 


), wherein the defects comprises micro defects or macro 


25 2898. The method of maim 2866, further comprising: 


directing energy toward a bottom surface of the specimen; and 
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detecting energy propagating from the bottom surface of the specimen, wherein 
the second property further comprises a presence of defects on the bottom surface 
of the specimen. 

5 2899. The method of claim 2898, wHerein the defects comprise macro defects. 


10 


15 


2900. The method of claim 2866, ^herein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 

2901 . The method of claim 2866, further comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 
energy propagating from the multiple locations substantially simultaneously such that one 
or more of the at least two properties of the specimen can be determined at the multiple 
locations substantially simultaneously. 


2902. The method of claim />866, wherein the stage and the measurement device are 
coupled to a process tool. 


20 2903. The method offefefrfr'2866, wherein the stage and the measurement device are 

coupled to a process tool/ and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 


2904. The method of claim 2866, wherein the stage and the measurement device are 
25 coupled to a process/tool, and wherein the stage and the measurement device are disposed 
within the process tool. 
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L erein the stage and the measurement device are 
i the process tool is selected from the group 
Lermal tool. 

2906. The method of claim 2866,]wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a wafer handler, and 
wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to the stage using the/wafer handler. 

2907. The method of claim 2866, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising moving the specimen to the 
process tool subsequent to said directing and said detecting using the stage. 

2908. The method of claim ^66, wherein the stage and the measurement device are 
coupled to a process tool, the/method further comprising determining at least the two 
properties of the specimen while the specimen is waiting between process steps. 

2909. The method ofeferai 2866, wherein the stage and the measurement device are 
coupled to a process to^l, w^ferdn the process tool comprises a support device configured 
to support the specimen dfuring a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 

2910. The method of ilaim 2866, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respeot to an upper surface of the support device. 


2905. The method of claim 2866, w| 
coupled to a process tool, and wherejf 
consisting of an ion implanter and a/ 
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291 1 . The method of claim 2866, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 

2912. The method of claim 2866, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
disposed within a process tool. 


O 

Uj 
M 

31 


2913. The method of claim 2866, wherein the stage and the measurement device are 
10 disposed within a measurement chamber, and wherein the measurement chamber is 

arranged laterally proximate to a process chamber of a process tool. 

2914. The method of claim 2866, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 

1 5 arranged vertically proximate to a/process chamber of a process tool. 


20 


2915. The method of claim 2866, wherein disposing the specimen upon the stage 
comprises disposing the specimen upon a support device disposed within a process 
chamber of a process tool, and wherein the support device is configured to support the 
specimen during a process sfetL 


2916. The method of claim £915, further comprising performing said directing and said 
detecting during the process/step. 


25 291 7. The method of claim 2916, further comprising obtaining a signature 

characterizing the process step, wherein the signature comprises at least one singularity 
representative of an encyof the process step. 
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29 1 8. The method of claim 29 1 6, furthdr comprising altering a parameter of one or more 
instruments coupled to the process tool ijn response to at least one of the determined 
properties using an in situ control technique. 

2919. The method of claim 2866, further comprising moving the specimen from a first 
process chamber to a second process chamber using the stage, wherein the first process 
chamber and the second process chamber are disposed within a process tool. 


■S5ST 

In 
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2920. The method of claim 2919, farther comprising performing said directing and said 
10 detecting during said moving the specimen from the first process chamber to the second 

process chamber. 

2921 . The method of claim 286^, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 

15 specimens. 

2922. The method of claim 2866, further comprising comparing at least one of the 
determined properties of jfhe^specimen to a predetermined range for the property. 

20 2923. The method of claiirf 2922, further comprising generating an output signal if at 
least one of the determined/properties of the specimen are outside of the predetermined 
range for the property. 


2924. The method of claim 2866, further comprising altering a sampling frequency of 
25 the measurement devicp in response to at least one of the determined properties of the 
specimen. 
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2925. The method of claim 2 8 66 5 further comprising altering a parameter of one or more 
instruments coupled to the measurement dev/ce in response to at least one of the 
determined properties using a feedback control technique. 


5 2926. The method of claim 2866, furthen comprising altering a parameter of one or more 
instruments coupled to the measurement nevice in response to at least one of the 
determined properties using a feedforward control technique. 

2927. The method of claim 2866, further comprising generating a database, wherein the 
1 0 database comprises the determined first and second properties of the specimen, the 
method further comprising calibrating the measurement device using the database. 

S 2928. The method of claim 2866, farther comprising generating a database, wherein the 


yi 


m 


database comprises the determined first and second properties of the specimen, the 
1 5 method further comprising monitoring output signals of the measurement device using 
the database. 

2929. The method of claim 286^5, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 

20 wherein the database Anther comprises first and second properties of a plurality of 
specimens. 

2930. The method of clairii 2929, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 

25 comprising calibrating the plurality of measurement devices using the database. 

293 1. The method of jfclaim 2929, wherein the first and second properties of the plurality 
of specimens are gen/rated using a plurality of measurement devices, the method further 
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comprising monitoring output signals of/the plurality of measurement devices using the 
database. 

2932. The method of claim 2866, whferein a stand alone system is coupled to the 
measurement device, the method further comprising calibrating the stand alone system 
with a calibration standard and calib/ating the measurement device with the stand alone 
system. 


Q 

m 
si 
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2933. The method of claim 2866,/wherein a stand alone system is coupled to the 
10 measurement device and at least one additional measurement device, the method further 
comprising calibrating the stand aflone system with a calibration standard and calibrating 
the measurement device an at le^st the one additional measurement device with the stand 
alone system. 

1 5 2934. The method of claim 2866, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a wafer, the method further comprising altering at least one 
parameter of one or more^asiruments coupled to a process tool in response to at least one 
of the determined properties/of the specimen at the more than one position on the 

20 specimen to reduce within y®£sr variation of at least one of the determined properties. 


25 


2935. The method of claim 2866, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties using a feedback control technique. 

2936. The method of /claim 2866, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties using a feedforward control technique. 


Page 753 


Conley, Rose & Tayon 


2937. The method of claim 2866, furt ler comprising monitoring a parameter of one or 
more instruments coupled to the process tool. 


2938. The method of claim 2937, further 
at least one of the determined properties 


comprising determining a relationship between 
and at least one of the monitored parameters. 


2940. The method of claim 2866, 


2939. The method of claim 2938, fujther comprising altering the parameter of the 
instrument in response to the relation 


ship. 


other comprising altering a parameter of one or more 
instruments coupled to each of a plurality of process tools in response to at least one of 
the determined properties. 


2941. The method of claim 2866^ wherein processing the one or more output signals 
comprises: 

at least partially processing the one or more output signals using a local processor, 
wherein the local proce^or is coupled to the measurement device; 

sending the partially Mfc^ed one or more output signals from the local 
processor to a remote controller computer; and 

further processing the partially processed one or more output signals using the 
remote controller computer. 


2942. The method of claim 2941, wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 
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2943. The method of claim 2941 , wherein fcirther processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 

2944. A computer-implemented method for controlling a system configured to 
determine at least two properties of a specimen during use, wherein the system comprises 
a measurement device, comprising: 

controlling the measurement device, wherein the measurement device comprises 
an illumination system and a detection system, and wherein the measurement 
device is coupled to a stage, comprising: 

controlling the illumination system to direct energy toward a surface of the 
specimen; 

controlling the detection system to detect energy propagating from the 
surface of the sp^cimjpn; and 

generating one or ipiore output signals responsive to the detected energy; 
and 


processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a 
characteristic of an implanted region of the specimen, and wherein the second 
property comprises ^presence of defects on the specimen. 
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2945. The method of claim 2944, further Comprising controlling the stage, wherein the 
stage is configured to support the specimen. 

2946. The method of claim 2944, furthef comprising controlling the stage to laterally 
5 move the stage during said directing enecgy and said detecting energy. 

2947. The method of claim 2944, further comprising controlling the stage to rotatably 
move the stage during said directing energy and said detecting energy. 


yl 
03 


ri 


1 0 2948. The method of claim 2944, further comprising controlling the stage to laterally 
and rotatably move the stage during said directing energy and said detecting energy. 

2949. The method of claim 2944, ^herein the illumination system comprises a single 
energy source. 

15 

2950. The method of claim 2944/ wherein the illumination system comprises more than 
one energy source. 

295 1 . The method of claim 29^4, wherein the detection system comprises a single 
20 energy sensitive device. 


2952. The method of claim/2944, wherein the detection system comprises more than one 
energy sensitive devices. 


25 2953. The method of claim 2944, wherein the measurement device further comprises a 
modulated optical refleciometer. 
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2954. The method of claim 2944, wherein pe measurement device further comprises an 
X-ray reflectance device. / 

2955. The method of claim 2944, wherein the measurement device further comprises an 
eddy current device. / 

2956. The method of claim 2944, wherein the measurement device further comprises a 
photo-acoustic device. / 

2957. The method of claim 2944, wherein the measurement device further comprises a 
spectroscopic ellipsometer. / 

2958. The method of claim 2944, wperein the measurement device further comprises a 
spectroscopic reflectometer. / 

2959. The method of claim /944ywherein the measurement device further comprises a 
dual beam spectrophotomete^y^*^/ 

2960. The method of claim 29^4, wherein the measurement device further comprises a 
non-imaging scatterometer. / 

2961 . The method of claim 2944, wherein the measurement device further comprises a 
scatterometer. / 

2962. The method of claim 2944, wherein the measurement device further comprises a 
spectroscopic scatterometer. 
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2963. The method of claim 2944, whereiri the measurement device further comprises a 
reflectometer. / 

2964. The method of claim 2944, wherein the measurement device further comprises an 
ellipsometer. / 

2965. The method of claim 2944, wHerein the measurement device further comprises a 
non-imaging bright field device. / 

2966. The method of claim 2944, wherein the measurement device further comprises a 
non-imaging dark field device. / 

2967. The method of claim 2944/ wherein the measurement device further comprises a 
non-imaging bright field and darW field device. 

2968. The method of claim 2944, wherein the measurement device further comprises a 
bright field imaging device. / 

2969. The method of blaim jfM, wherein the measurement device further comprises a 
dark field imaging deviceTy 

2970. The method of claim 2944, wherein the measurement device further comprises a 
bright field and dark field imaging device. 

297 1 . The method of cMm 2944, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a modulated 
optical reflectometer//an X-ray reflectance device, an eddy current device, a photo- 
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acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, dual beam 
spectrophotometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, an ellipspmeter, a non-imaging bright field device, a non- 
imaging dark field device, a non-imagiiig bright field and dark field device, a bright field 
imaging device, a dark field imaging aevice, and a bright field and dark field imaging 
device. / 

2972. The method of claim 2944, wherein the measurement device further comprises at 
least a first measurement device ana a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. / 

2973. The method of claim 2944, wherein the measurement device further comprises 
non-optical components, and wherein controlling the detection system to detect energy 
comprises controlling the non-optical components to measure a non-optical characteristic 
of the specimen. / 

2974. The method of cl^rT$S44, wherein the characteristic of the implanted region is 
selected from the group CQnsistfi^gQf a presence of ions in the implanted region, a 
concentration of ions in the implanted region, a depth of the implanted region, and a 
distribution profile of the implanted region. 

2975. The method of claim 2944, wherein the defects comprise micro defects and macro 
defects. / 

2976. The method of claim 2944, wherein the defects comprises micro defects or macro 
defects. / 
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2977. The method of claim 2944, further comprising: 

controlling the illumination system /o direct energy toward a bottom surface of the 
specimen; and 

5 

controlling the detection system to detect energy propagating from the bottom 
surface of the specimen, wherein the second property further comprises a presence 
of defects on the bottom surface of the specimen. 

10 2978. The method of claim 2977, wHerein the defects comprise macro defects. 

2979. The method of claim 2944, wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 


en is 


25 


e first 


2980. The method of claim 2944, further comprising controlling the illumination system 
to direct energy toward multipl ^locations on the surface of the specimen substantially 
simultaneously and controlling/the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that one or more of the at least two 

20 properties of the specimen cafn fcte determined at the multiple locations substantially 
simultaneously. 

2981 . The method of clajam 2944, wherein the stage and the measurement device are 
coupled to a process tool 


2982. The method offclaim 2944, wherein the stage and the measurement device are 
coupled to a process fool, and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 
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2983. The method of claim 2944, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tool. / 

2984. The method of claim 2944, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of an ion implanter and a therimal tool. 

2985. The method of claim 2944, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage, and wherein the wafer handler is 
coupled to the process tool. / 

2986. The method of claim 294A, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising controlling the stage to move the 
specimen from the system to the process tool. 

2987. The method of clai^n~2$44, wherein the stage and the measurement device are 
coupled to a process tool,\ttieWnethpd further comprising controlling a wafer handler to 
move the specimen from the process tool to the stage such that at least the two properties 
of the specimen can be determined while the specimen is waiting between process steps. 

2988. The method of claim 2944, wherein the stage and the measurement device are 
coupled to a process to®l, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 
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2989. The method of claim 2944, wherein /the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process strep, and wherein an upper surface of the stage 
is angled with respect to an upper surface ©f the support device. 

5 I 

2990. The method of claim 2944, wherein the stage and the measurement device are 
disposed within a measurement chamber^ and wherein the measurement chamber is 
coupled to a process tool. 

1 0 2991 . The method of claim 2944, whe/ein the stage and the measurement device are 
disposed within a measurement chambp, and wherein the measurement chamber is 
disposed within a process tool. 


Hi 


2992. The method of claim 2944, wfterein the stage and the measurement device are 
1 5 disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 


J3. 


20 


2993. The method of claim 294^Lwherein the stage and the measurement device are 
disposed within a measurement cnaipber, and wherein the measurement chamber is 
arranged vertically proximate to/a-^rocess chamber of a process tool. 


25 


2994. The method of claim 2944, further comprising disposing the specimen upon a 
support device disposed within a process chamber of a process tool, and wherein the 
support device is configurecy to support the specimen during a process step. 

2995. The method of clailn 2994, further comprising controlling the illumination system 
and controlling the detect/on system during the process step. 
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2996. The method of claim 2994, further comprising controlling the system to obtain a 
signature characterizing the process sten, wherein the signature comprises at least one 
singularity representative of an end of me process step. 

2997. The method of claim 2994, further comprising controlling the system to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using an in situ control technique. 

2998. The method of claim 2944, flirther comprising controlling the stage to move the 
specimen from a first process chamber to a second process chamber, wherein the first 
process chamber and the second process chamber are disposed within a process tool. 

2999. The method of claim 2998/ further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to the second process chamber. 

3000. The method of claim 29f44, further comprising comparing at least one of the 
determined properties of me specimen and determined properties of a plurality of 
specimens. V / . / 

300 1 . The method of claim 2944, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 

3002. The method of claim 3001, further comprising generating an output signal if at 
least one of the determined properties of the specimen are outside of the predetermined 
range for the property/ 
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3003. The method of claim 2944, furthei/comprising altering a sampling frequency of 
the measurement device in response to at/least one of the determined properties of the 
specimen. / 

3004. The method of claim 2944, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedback control technique. 

3005. The method of claim 2944, farther comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedforward control technique. 

3006. The method of claim 2944, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 
method further comprising calibrating the measurement device using the database. 

3007. The method of claim 294V, further comprising generating a database, wherein the 
database comprises the deteHnrtje^first and second properties of the specimen, the 
method further comprising monitoring output signals of the measurement device using 
the database. / 

3008. The method of claim 2944, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 
wherein the database further comprises first and second properties of a plurality of 
specimens. / 
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3009. The method of claim 3008, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising calibrating the plurality o: measurement devices using the database. 

3010. The method of claim 3008, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising monitoring output signajs of the plurality of measurement devices using the 
database. 


u 
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10 301 1 . The method of claim 2944, /wherein a stand alone system is coupled to the system, 
the method further comprising corpolling the stand alone system to calibrate the stand 
alone system with a calibration standard and further controlling the stand alone system to 
calibrate the system. 

15 3012. The method of claim 2944, wherein a stand alone system is coupled to the system 
and at least one additional system, the method further comprising controlling the stand 
alone system to calibrate tl>e-^tpnd alone system with a calibration standard and further 
controlling the stand aloi/e system t)o calibrate the system and at least the one additional 
system. 

3013. The method of claim 2944, wherein the system is further configured to determine 
at least the two properties of the specimen at more than one position on the specimen, and 
wherein the specimen comprises a wafer, the method further comprising altering at least 
one parameter of one or pore instruments coupled to a process tool in response to at least 
25 one of the determined properties of the specimen at the more than one position on the 
specimen to reduce wipin wafer variation of at least one of the determined properties. 


20 
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3014. The method of claim 29*4, further comprising altering a parameter of one or more 
instruments coupled to a procesfe tool in response to at least one of the determined 
properties using a feedback cortrol technique. 

3015. The method of claim 2944, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties using a feedforward control technique. 


10 


3016. The method of claim 2944, further comprising monitoring a parameter of one or 
more instruments coupled to the process tool. 


ill 


3017. The method of claimj3016, further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters. 

15 3018. The method of claiih 3017, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 


r. ° 
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3019. The method of cMih 2944, further comprising altering a parameter of one or more 
instruments coupled to tech pf4 plurality of process tools in response to at least one of 
20 the determined propertie/jof the specimen. 


3020. The method of (flairn 2944, wherein processing the one or more output signals 
comprises: 


25 


at least partially processing the one or more output signals using a local processor, 
wherein the lpcal processor is coupled to the measurement device; 
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sending the partially processed/one or more output signals from the local 
processor to a remote controller computer; and 

further processing the partialjy processed one or more output signals using the 
remote controller computer. 

302 1 . The method of claim 3020,/wherein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 

3022. The method of claim 302D, wherein further processing the partially processed one 
or more output signals comprises determining the first and second properties of the 
specimen. 

3023. A semiconductor deviae fabricated by a method, the method comprising: 

forming a portion of tpe semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement devicfe, and wherein the measurement device comprises an 
illumination syst/rm and a detection system; 



directing energy tpwacd^a surface of the specimen using the illumination system; 


detecting energy/ propagating from the surface of the specimen using the detection 
system; - 


generating one or more output signals responsive to the detected energy; and 
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processing the one or more output signals to determine a first property and a 
second property of the spec/men, wherein the first property comprises a 
characteristic of an implanted region of the specimen, and wherein the second 
property comprises a presence of defects on the specimen. 

5 / 

3024. The device of claim 302j|, wherein the illumination system comprises a single 

energy source. 

3025. The device of claim 30^3, wherein the illumination system comprises more than 
10 one energy source. 


*0 


3026. The device of claim 3jD23, wherein the detection system comprises a single energy 
sensitive device. 


y 


1 5 3027. The device of clairr/ 3023, wherein the detection system comprises more than one 
energy sensitive devices. 

3028. The device of ch/im 3023, wherein the measurement device further comprises a 
modulated optical refleptometer. 

20 

3029. The device of/claim 3023, wherein the measurement device further comprises an 
X-ray reflectance(dep/ice. 

3030. The devic^ of claim 3023, wherein the measurement device further comprises an 
25 eddy current device. 


303 1 . The d/vice of claim 3023, wherein the measurement device further comprises a 
photo-acoustic device. 
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3032. The device of claim 302^, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 

5 3033. The device of claim 30£3, wherein the measurement device further comprises a 
spectroscopic reflectometer. 


LTi- 


y 
ry 

Q 


3034. The device of claim 2j023, wherein the measurement device further comprises a 
dual beam spectrophotometer*. 

10 

3035. The device of claim/3023, wherein the measurement device further comprises a 
non-imaging scatterometer! 

3036. The device of clai/n 3023, wherein the measurement device further comprises a 
15 scatterometer. 

3037. The device of cliim 3023, wherein the measurement device further comprises a 
spectroscopic scatterometer. 

20 3038. The device of plaim 3023, wherein the measurement device further comprises a 
reflectometer. 


25 


3039. Thedevice x 
ellipsometer. 


im-3023, wherein the measurement device further comprises an 


3040. The deviae of claim 3023, wherein the measurement device further comprises a 
non-imaging bright field device. 
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3041. The device of claim 3023, wherein the measurement device further comprises a 
non-imaging dark field device. J 

i 

3042. The device of claim 3023, wherein the measurement device further comprises a 
5 non-imaging bright field and dark fielfd device. 

3043. The device of claim 3023, wherein the measurement device further comprises a 
bright field imaging device. 

1 0 3044. The device of claim 3023, vfherein the measurement device further comprises a 
□ dark field imaging device. 

i 

HI 3045. The device of claim 3023, /wherein the measurement device further comprises a 

jf bright field and dark field imaging device. 


15 

3046. The device of claim 302i, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a modulated 
optical reflectometer, an X-ray reflectance device, an eddy current device, a photo- 

20 acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, dual beam 
spectrophotometer, a n<bn-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectomeral^H^ellipsometer, a non-imaging bright field device, a non- 
imaging dark field device, a non-imaging bright field and dark field device, a bright field 
imaging device, a dark fi^ld imaging device, and a bright field and dark field imaging 

25 device. 

3047. The device of ^laim 3023, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
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elements of the first measurement device comprise optical elements of the second 
measurement device. 

3048. The device of claim 3023, wherein the measurement device further comprises 
non-optical components, and wherein detecting energy comprises measuring a non- 
optical characteristic of the specimen. 


3049. The device of claim 3023 
selected from the group consistii 
concentration of ions in the imp! 


wherein the characteristic of the implanted region is 
g of a presence of ions in the implanted region, a 
anted region, a depth of the implanted region, and a 


distribution profile of the implanted region. 

3050. The device of claim 30^3, wherein the defects comprise micro defects and macro 
defects. 

3051 . The device of claim 3(^23, wherein the defects comprises micro defects or macro 
defects. 

3052. The device of claim 2023, further comprising: 

directing energyrtowaifl a bottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
the second propeijiy further comprises a presence of defects on the bottom surface 
of the specimen. 


3053. The device of daim 3052, wherein the defects comprise macro defects. 
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3054. The device of claim 3023, 
coupled to a process tool. 


wherein the stage and the measurement device are 


3055. The device of claim 3023, kvherein the stage and the measurement device are 
5 coupled to a process tool, and wherein the process tool is selected from the group 
consisting of an ion implanter anq a thermal tool. 


3056. A method for fabricating a semiconductor device, comprising: 


10 


forming a portion of the semiconductor device upon a specimen; 


15 


20 


disposing the specimen unon a stage, wherein the stage is coupled to a 
measurement device, and kvherein the measurement device comprises an 
illumination system and al detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more output signals responsive to the detected energy; and 


25 


processing the one on more output signals to determine a first property and a 
second property of tine specimen, wherein the first property comprises a 
characteristic of an implanted region of the specimen, and wherein the second 
property comprises a presence of defects on the specimen. 
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3057. The method of claim 3056flwherein the illumination system comprises a single 
energy source. J 

3058. The method of claim 3056, wherein the illumination system comprises more than 
one energy source. J 

3059. The method of claim 3036, wherein the detection system comprises a single 
energy sensitive device. I 

3060. The method of claim 3056, wherein the detection system comprises more than one 
energy sensitive devices. / 

306 1 . The method of claim J 05 6, wherein the measurement device is selected from the 
group consisting of a modulaled optical reflectometer, an X-ray reflectance device, an 
eddy current device, a photo/acoustic device, a spectroscopic ellipsometer, a 
spectroscopic reflectometer J dual beam spectrophotometer, a non-imaging scatterometer, 
a scatterometer, a spectroscopic scatterometer, a reflectometer, an ellipsometer, a non- 
imaging bright field ddviceua/hon-imaging dark field device, a non-imaging bright field 
and dark field device, a might field imaging device, a dark field imaging device, and a 
bright field and dark field/ imaging device. 

3062. The method of claim 3056, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a modulated 
optical reflectometer, an X-ray reflectance device, an eddy current device, a photo- 
acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, dual beam 
spectrophotometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, an ellipsometer, a non-imaging bright field device, a non- 
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imaging dark field device, a Hbn-imaging bright field and dark field device, a bright field 
imaging device, a dark field i naging device, and a bright field and dark field imaging 
device. 


3063. The method of claim 5056, wherein the measurement device further comprises at 
least a first measurement dev ce and a second measurement device, and wherein optical 
elements of the first measurement device comprise optical elements of the second 
measurement device. 


3064. The method of claim 
non-optical components, and 
optical characteristic of the 


056, wherein the measurement device further comprises 
wherein detecting energy comprises measuring a non- 


specimen. 


3065. The method of claim 
selected from the group consijstin; 
concentration of ions in the i 
distribution profile of the im; 


056, wherein the characteristic of the implanted region is 
g of a presence of ions in the implanted region, a 
implanted region, a depth of the implanted region, and a 
lanted region. 


3066. The method of els 
defects. 


5, wherein the defects comprise micro defects and macro 


3067. The method of clainp 3056, wherein the defects comprises micro defects or macro 
defects. 

3068. The method of clafrn 3056, further comprising: 


directing energy toward a bottom surface of the specimen; and 
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20 


25 


from the bottom surface of the specimen, wherein 
Comprises a presence of defects on the bottom surface 


detecting energy propagatin 
the second property further 
of the specimen. 

5 3069. The method of claim 3068, 

3070. The method of claim 3056, 
coupled to a process tool. 

10 307 1 . The method of claim 3056, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 


wherein the defects comprise macro defects. 


herein the stage and the measurement device are 


consisting of an ion implanter and a 


1 hernial tool. 


a stage configured to suppon 


3072. A system configured to deterjnine at least two properties of a specimen during 
15 use, comprising: 


the specimen during use; 


a measurement device coupled to the stage, comprising 


an illumination sys 
specimen during us<: 


v 


a detection system 
detect energy prop 


|m configured to direct energy toward a surface of the 
and 


;oupled to the illumination system and configured to 
gating from the surface of the specimen during use, 
wherein the measurement device is configured to generate one or more 
output signals responsive to the detected energy during use; 
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10 


15 


20 


25 


a local processor coupled to 
partially process the one or 


the measurement device and configured to at least 
more output signals during use; and 


a remote controller computer coupled to the local processor, wherein the remote 
controller computer is configured to receive the at least partially processed one or 
more output signals and to determine a first property and a second property of the 
specimen from the at least >artially processed one or more output signals during 
use, wherein the first prop* rty comprises a characteristic of an implanted region of 


the specimen, and whereii 
the specimen. 


the second property comprises a presence of defects on 


3073. The system of claim 3072, wherein the measurement device is selected from the 
group consisting of a modulated/optical reflectometer, an X-ray reflectance device, an 
eddy current device, a photo-acoustic device, a spectroscopic ellipsometer, a 
spectroscopic reflectometer, dual beam spectrophotometer, a non-imaging scatterometer, 
a scatterometer, a spectroscopic scatterometer, a reflectometer, an ellipsometer, a non- 
imaging bright field device, a mon-imaging dark field device, a non-imaging bright field 
and dark field device, a bright/field imaging device, a dark field imaging device, and a 
bright field and dark field imaging device. 

3074. The system of claiih tQ%2, wjaerein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a modulated 
optical reflectometer, an X/ray reflectance device, an eddy current device, a photo- 
acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, dual beam 
spectrophotometer, a non/imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, an ellipsometer, a non-imaging bright field device, a non- 
imaging dark field device, a non-imaging bright field and dark field device, a bright field 
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imaging device, a dark field imaging device, and a bright field and dark field imaging 
device. 


3075. The system of claim 307^, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 
elements of the first measureme: it device comprise optical elements of the second 
measurement device. 


3076. The system of claim 30^2, wherein the measurement device further comprises 

t 

non-optical components, and wherein the detected energy is responsive to a non-optical 
characteristic of the specimen. 

3077. The system of claim 3(^72, wherein the characteristic of the implanted region is 
selected from the group consisting of a presence of ions in the implanted region, a 
concentration of ions in the in planted region, a depth of the implanted region, and a 
distribution of the implanted r *gion. 

3078. The system of claim ^072, wherein the defects comprise micro defects and macro 
defects. 

3079. The system of claim B072, wherein the defects comprises micro defects or macro 
defects. 

3080. The system of clain^i 3072, wherein the illumination system is further configured 
to direct energy toward a bottom surface of the specimen during use, wherein the 
detection system is further configured to detect energy propagating from the bottom 
surface of the specimen during use, and wherein the second property further comprises a 
presence of defects on the bottom surface of the specimen. 
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3081 . The system of claim 3072, wherein the defects comprise macro defects. 

3082. The system of claim ^072, wherein the remote controller computer is further 
coupled to a process tool. 

3083. The system of claim 3072, wherein the remote controller computer is further 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of an ion implantier and a thermal tool. 


3084. The system of claim 3072, wherein the remote controller computer is further 
coupled to a process tool, and wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least one of tpe determined properties using a feedback control technique 
during use. 

3085. The system of claim 3072, wherein the remote controller computer is further 
coupled to a process tool, land wherein the remote controller computer is further 
configured to alter a p J 2fai^ter of one or more instruments coupled to the process tool in 


response to at least < 
technique during use. 


the determined properties using a feedforward control 


3086. The system of ch im 3072, wherein the remote controller computer is further 
coupled to a process tool, and wherein the remote controller computer is further 
configured to monitor ajparameter of one or more instruments coupled to the process tool 
during use. 
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3087. The system of claim 30861 wherein the remote controller computer is further 
configured to determine a relationship between at least one of the determined properties 
and at least one of the monitored parameters during use. 


3088. The system of claim 308 7, wherein the remote controller computer is further 


configured to alter a parameter 
relationship during use. 


c f at least one of the instruments in response to the 


3089. The system of claim 3072, wherein the illumination system is further configured 
to direct energy toward the surface of the specimen during a process step, wherein the 
detection system is further configured to detect energy propagating from the surface of 
the specimen during the process step, and wherein the remote controller computer is 
further configured to determine the first and second properties of the specimen during the 
process step. 


3090. The system of claim B089, wherein the remote controller computer is further 
configured to obtain a signature characterizing the process step during use, and wherein 
the signature comprises at ljeast one singularity representative of an end of the process 
step. 

3091 . The system of cla|m3089, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the process tool in 
response to at least one ^f the determined properties using an in situ control technique 
during use. 


3092. The system off claim 3072, wherein a process tool comprises a first process 

if 

chamber and a second process chamber, and wherein the stage is further configured to 
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move the specimen from the first process chamber to the second process chamber during 
use. 


3093. The system of claim 3092, 
to direct energy toward the surface 
detection system is further confi 
the specimen during said moving, 
configured to determine the first 
moving. 


wr 


erein the illumination system is further configured 
df the specimen during said moving, wherein the 
nfigurod to detect energy propagating from the surface of 
and wherein the remote controller computer is further 
second properties of the specimen during said 


3094. The system of claim 3072, 
configured to compare at least one 


ana 


therein the remote controller computer is further 
of the determined properties of the specimen and 


properties of a plurality of specimens during use. 

3095. The system of claim 3072, wherein the remote controller computer is further 
configured to compare at least ome of the determined properties of the specimen to a 
predetermined range for the property during use. 

3096. The system of claim 3^$5 Jvvjterein the remote controller computer is further 
configured to generate an output signal if at least one of the determined properties of the 
specimen is outside of the predetermined range for the property during use. 

3097. The system of claim 3j072, wherein the remote controller computer is further 
configured to alter a sampling frequency of the measurement device in response to at least 
one of the determined properties of the specimen during use. 


3098. The system of claim 3072, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 
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device in response to at least one of the determined properties using a feedback control 
technique during use. 

3099. The system of claim 3072, wherein the remote controller computer is further 
configured to alter a parameter of one or more instruments coupled to the measurement 
device in response to at least one of the/determined properties using a feedforward control 
technique during use. 


43 

u 3 


3 100. The system of claim 3072, whpein the remote controller computer is further 
10 configured to generate a database during use, wherein the database comprises the 

determined first and second properties of the specimen, and wherein the remote controller 
computer is further configured to calibrate the measurement device using the database 
during use. 


01 

a 

Q 

D 


15 3101. The system of claim 3072,/wherein the remote controller computer is further 
configured to generate a database during use, wherein the database comprises the 
determined first and second properties of the specimen, and wherein the remote controller 
computer is further configuy6d p monitor output signals generated by measurement 
device using the database dyrujgfuss 

20 

3 102. The system of claim 3i072, wherein the remote controller computer is further 
configured to generate a datajbase during use, wherein the database comprises the 
determined first and second/properties of the specimen, wherein the database further 
comprises first and second properties of a plurality of specimens, and wherein the first 
25 and second properties of tjae plurality of specimens are determined using a plurality of 
measurement devices. 
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3103. The system of claim 3 
coupled to the plurality of 
computer is further configured 
database during use. 


1(02. wherein the remote controller computer is further 
measurement devices, and wherein the remote controller 

to calibrate the plurality of measurement devices using the 


3 1 04. The system of claim 3 1 


02, wherein the remote controller computer is further 


coupled to the plurality of measurement devices, and wherein the remote controller 


computer is further configurec 
measurement devices using th 


to monitor output signals generated by the plurality of 
i database during use. 


3105. The system of claim 3 372, wherein the remote controller computer is further 
coupled to a plurality of measurement devices, and wherein at least one of the plurality of 
measurement devices is coupled to a process tool. 


3 1 06. The system of claim iS072, wherein the remote controller computer is further 
coupled to a plurality of process tools, and wherein the remote controller computer is 


further configured to all 
of the plurality of proa 


ss ' 


3107. A method for deter 


parameter of one or more instruments coupled to at least one 
)ls during use. 


ining at least two properties of a specimen, comprising: 


disposing the specfaien upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energy ioward a surface of the specimen using the illumination system; 
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detecting energy propagating from the surface of the specimen using the detection 
system; 

generating one or more ouxput signals responsive to the detected energy; and 

processing the one or moife output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises a 
characteristic of an implanted region of the specimen, and wherein the second 
property comprises a presence of defects on the specimen, comprising: 

at least partially processing the one or more output signals using a local 
processor, wherein the local processor is coupled to the measurement 
device; 

sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 

further processing the partially processed one or more output signals using 
the remote controller computer. 

3 1 08. The method o^laii^ 3 \0//, wherein the measurement device is selected from the 
group consisting of a modplatfed optical reflectometer, an X-ray reflectance device, an 
eddy current device, a photo-acoustic device, a spectroscopic ellipsometer, a 
spectroscopic reflectometer, a dual beam spectrophotometer, a non-imaging 
scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 
ellipsometer, a non-imajging bright field device, a non-imaging dark field device, a non- 
imaging bright field ana dark field device, a bright field imaging device, a dark field 
imaging device, and aibright field and dark field imaging device. 
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3 1 09. The method of claim 3 1 07, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are/ selected from the group consisting of a modulated 

5 optical reflectometer, an X-ray reflectance device, an eddy current device, a photo- 
acoustic device, a spectroscopic ellipsometer, a spectroscopic reflectometer, a dual beam 
spectrophotometer, a non-imaging scatterometer, a scatterometer, a spectroscopic 
scatterometer, a reflectometer, an efllipsometer, a non-imaging bright field device, a non- 
imaging dark field device, a non-imaging bright field and dark field device, a bright field 
10 imaging device, a dark field imaging device, and a bright field and dark field imaging 
device. 

3110. The method of claim 3 1 ®7, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein optical 


1 5 elements of the first measurement device comprise optical elements of the second 

^ -■ 

03 measurement device. 


3111. The method of claim? 1 07, wherein the measurement device further comprises 
non-optical components/and/ \Mherein detecting energy comprises measuring a non- 
20 optical characteristic of the specimen. 

3112. The method of claim 3 1 07, wherein the characteristic of the implanted region is 
selected from the group consisting of a presence of ions in the implanted region, a 
concentration of ions in uie implanted region, a depth of the implanted region, and a 

25 distribution profile of the implanted region. 

3113. The method of^laim 3 107, wherein the defects comprise micro defects and macro 
defects. 
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3114. The method of claim 3 1 07, v^herein the defects comprises micro defects or macro 
defects. 

5 3115. The method of claim 3 107,/fiirther comprising: 

directing energy toward a pottom surface of the specimen; and 

detecting energy propagating from the bottom surface of the specimen, wherein 
1 0 the second property further comprises a presence of defects on the bottom surface 

^ of the specimen. 

U3- 

|i 3116. The method of claim 3/l 1 5, wherein the defects comprise macro defects. 


C3 


15 3117. The method of claim p 1 07, wherein the remote controller computer is coupled to a 
process tool. 

3118. The method oflclaim 3 1 07, wherein the remote controller computer is coupled to a 
process tool, and whereinme process tool is selected from the group consisting of an ion 

20 implanter and a thermal tool. 

3119. The method of claim 3 107, wherein the remote controller computer is coupled to a 
process tool, the method further comprising altering a parameter of one or more 
instruments coupled to' the process tool using the remote controller computer in response 

25 to at least one of the determined properties of the specimen using a feedback control 
technique. 
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3 120. The method of claim 3 107, wherein the remote controller computer is coupled to a 
process tool, the method further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to at least one of the determined properties of the specimen using a feedforward control 
technique. / 

3121. The method of claim 3 l/07, wherein the remote controller computer is coupled to a 
process tool, the method further comprising monitoring a parameter of one or more 
instruments coupled to the process tool using the remote controller computer. 

3 122. The method of claim/3 121, further comprising determining a relationship between 
at least one of the determined properties and at least one of the monitored parameters 
using the remote controller /computer. 

3 1 23. The method of cla/m 3 1 22, further comprising altering a parameter of at least one 
of the instruments in response to the relationship using the remote controller computer. 

3 1 24. The method of claim 3 1 07, wherein the illumination system and the detection 
system are coupled to aWocess chamber of the process tool, the method further 
comprising performing aid directing and said detecting during a process step. 

3125. The method di claim 3 1 24, further comprising obtaining a signature 
characterizing the process step using the remote controller computer, wherein the 
signature comprises at least one singularity representative of an end of the process step. 

3 126. The method of claim 3 1 24, further comprising altering a parameter of one or more 
instruments coupled to the process tool using the remote controller computer in response 
to at least one oi the determined properties using an in situ control technique. 
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3 127. The method of claim 3 107, further comprising: 

moving the specimen from/a first process chamber to a second process chamber 
using the stage; and 

performing said directing and said detecting during said moving the specimen. 

3128. The method of claim 3 1 U7, further comprising comparing at least one of the 
determined properties of the specimen and determined properties of a plurality of 

specimens using the remote controller computer. 

/ 

I 

3 1 29. The method of claim 3/1 07, further comprising comparing at least one of the 
determined properties to a predetermined range for the property using the remote 
controller computer. j 


lirr/ ■ 


3130. The method of claim 3 1 29, further comprising generating an output signal using 
the remote controller cpmp/iter if at least one of the determined properties of the 
specimen is outside o^^lRrgjaetermined range for the property. 


3131 . The method of cl/im 3 107, wherein the remote controller computer is coupled to 

the measurement device/ 

/ 

/ 

3132. The method of iLaim 3 1 07, wherein the remote controller computer is coupled to 
the measurement device, the method further comprising altering a sampling frequency of 
the measurement device using the remote controller computer in response to at least one 
of the determined properties of the specimen. 
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3133. The method of claim 3 1 07,/wherein the remote controller computer is coupled to 
the measurement device, the methbd further comprising altering a parameter of one or 
more instruments coupled to the measurement device using the remote controller 


computer in response to at least 
technique. 


dne of the determined properties using a feedback control 


3134. The method of claim 3 1 C 7, wherein the remote controller computer is coupled to 
the measurement device, the mesthod further comprising altering a parameter of one or 
more instruments coupled to thi measurement device using the remote controller 

10 computer in response to at leasj one of the determined properties using a feedforward 
control technique. 

3135. The method of claim j 1 07, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 

1 5 second properties of the spedimen, the method further comprising calibrating the 
measurement device j^sui^e remote controller computer and the database. 



3136. The method 6?^6$ta / 3 1 07, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 
20 second properties of the specimen, the method further comprising monitoring output 

signals of the measurement device using the remote controller computer and the database. 


25 


3137. The method of fclaim 3107, further comprising generating a database using the 
remote controller computer, wherein the database comprises the determined first and 
second properties of me specimen, and wherein the database further comprises first and 
second properties of/a plurality of specimens. 
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3138. The method of claim 3 137 5 wherein the determined first and second properties of 
the plurality of specimens are generated using a plurality of measurement devices, the 
method further comprising calibrating the plurality of measurement devices using the 
remote controller computer arp the database. 


Q 


5 F9- 

y t 


= y 

a, 

f=1. 


10 


15 


3139. The method of claim 8137, wherein the determined first and second properties of 
the plurality of specimens ark generated using a plurality of measurement devices, the 
method further comprising monitoring output signals of the plurality of measurement 
devices using the remote controller computer and the database. 

3 140. The method of claim 3 107, further comprising sending the at least partially 
processed one or more output signals from a plurality of local processors to the remote 
controller computer, wheriin each of the plurality of local processors is coupled to one of 
a plurality of measurement devices. 


3141. Themetb 
devices is couple* 


fd of^Ql^im 3140, wherein at least one of the plurality of measurement 
\jo a pj^cesstyol. 


3 142. The method of dlaim 3 1 07, further comprising altering a parameter of one or more 
20 instruments coupled to /a plurality of process tools using the remote controller computer 
in response to at least ©ne of the determined properties of the specimen. 


25 


3 143. A system configured to determine at least two properties of a specimen during 
use, comprising: 

a stage configured to support the specimen during use; 


a measurement device coupled to the stage, comprising: 
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an illumination system configured to direct energy toward a surface of the 
specimen during use; and 

a detection system couple 1 jo the illumination system and configured to 
detect energy propagating from the surface of the specimen during use, 
wherein the measurement pevice is configured to generate one or more 
output signals responsive to the detected energy during use; and 


10 


ul 


ni 
O 
Q 


15 


a processor coupled to the measurement device and configured to determine a first 
property and a second property of the specimen from the one or more output 
signals during use, wherein the/first property comprises an adhesion characteristic 
of the specimen, and wherein pie second property comprises a thickness of the 
specimen. 

3 144. The system of claim 3 143, ^herein the stage is further configured to move 
laterally during use. 


3145. The system of claim 3 P 
20 rotatably during use. 


lereln the stage is further configured to move 


3146. The system of claim 3fl43 3 wherein the stage is further configured to move 
laterally and rotatably during use. 


25 3147. The system of claiijn 3 143, wherein the measurement device further comprises a 
photo-acoustic device. 
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3148. The system of claim 3143, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 

3 149. The system of claim 3143, wherein the measurement device further comprises an 
5 ellipsometer. 

3150. The system of claim 3143, jlvherein the measurement device further comprises an 
X-ray reflectometer. 

10 3151. The system of claim 3 1 4^, wherein the measurement device further comprises a 
grazing X-ray reflectometer. 


3 152. The system of claim 31^3, wherein the measurement device further comprises an 
X-ray diffractometer. 

S 15 

ffl 3153. The system of claijfn 3 U\ wherein the measurement device further comprises a 

photo-acoustic device andW ellipfspmeter. 


3 1 54. The system of claim 3 143, wherein the measurement device further comprises at 
20 least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a photo- 
acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray reflectometer, a 
grazing X-ray reflectometer, an X-ray diffractometer, and an eddy current device. 


25 3155. The system of claim 3143, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein elements 
of the first measuren/ent device comprise elements of the second measurement device. 
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3156. The system of claim 3143, wherein the processor is further configured to 
determine a third property of the specimeA from the one or more output signals during 
use, and wherein the third property is selected from the group consisting of a roughness of 
the specimen, a roughness of a layer on t(he specimen, and a roughness of a feature of the 
specimen. 

3157. The system of claim 3 1 56, whefein the system is coupled to a process tool 
selected from the group consisting of ^ lithography tool, an atomic layer deposition tool, a 
cleaning tool, and an etch tool. 

3158. The system of claim 3143, wherein the system is further configured to determine 
at least two properties of the specimejn substantially simultaneously during use. 

3 1 59. The system of claim 3 143, Wherein the illumination system is further configured 
to direct energy to multiple locations on the surface of the specimen substantially 
simultaneously, and wherein the detection system is further configured to detect energy 
propagating from the multiple / k5a&tk>ns on the surface of the specimen substantially 
simultaneously such that one i^or^of the at least two properties of the specimen can be 
determined at the multiple locations substantially simultaneously. 

3 1 60. The system of claim 3 M3, wherein the system is coupled to a process tool. 

3161. The system of claim 3143, wherein the system is coupled to a process tool, and 
wherein the system is disposed within the process tool. 

3 1 62. The system of claim 3 143, wherein the system is coupled to a process tool, and 
wherein the system is arranged laterally proximate to the process tool. 


Page 792 


Conley, Rose & Tayon 


3 1 63. The system of claim 3 143, whereip the system is coupled to a process tool, and 
wherein the process t 
the stage during use. 


wherein the process tool comprises a waffer handler configured to move the specimen to 


3 164. The system of claim 3 143, wherein the system is coupled to a process tool, and 
wherein the stage is configured to mov^ the specimen from the system to the process tool 
during use. 

3165. The system of claim 3 143, wherein the system is coupled to a process tool, and 
wherein the stage is further configurep to move the specimen to a process chamber of the 
process tool during use. 

3 1 66. The system of claim 3 143 , ^herein the system is coupled to a process tool, and 
wherein the system is further configured to determine at least the two properties of the 
specimen while the specimen is waiting between process steps. 

3 1 67. The system of claim 3 143, wherein the system is coupled to a process tool, 
wherein the process tool comprMs a support device configured to support the specimen 
during a process step, and/wheira& aj/upper surface of the support device is substantially 
parallel to an upper surface ot/the stage. 

3 1 68. The system of claim B 143, wherein the system is coupled to a process tool, 
wherein the process tool comprises a support device configured to support the specimen 
during a process step, and wherein an upper surface of the stage is angled with respect to 
an upper surface of the support device. 

3 1 69. The system of clapm 3 1 43, wherein the system is coupled to a process tool, and 
wherein the process too^/is selected from the group consisting of an etch tool, an ion 
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implanter, a chemical vapor deposition tool, a physical vapor deposition tool, an atomic 
layer deposition tool, a thermal tool, ja cleaning tool, and a plating tool. 


3 1 70. The system of claim 3 1 43, ^herein the system further comprises a measurement 
chamber, wherein the stage and the/measurement device are disposed within the 
measurement chamber, and whereiai the measurement chamber is coupled to a process 
tool. I 


3171. The system of claim 3 1 43[ wherein the system further comprises a measurement 

I 

1 0 chamber, wherein the stage and the measurement device are disposed within the 

measurement chamber, and wherein the measurement chamber is disposed within a 

/ 

process tool. / 

& i 

m / 

~ 3 172. The system of claim 3143, wherein the system further comprises a measurement 

+■ / 

EH 1 5 chamber, wherein the stage ahd the measurement device are disposed within the 

measurement chamber, and wherein the measurement chamber is arranged laterally 


JjJ proximate to a process chamber of a process tool. 

31 73. The system oi)&&m& 143, wherein the system further comprises a measurement 

20 chamber, wherein the stage and the measurement device are disposed within the 

f 

measurement chamber, ^id wherein the measurement chamber is arranged vertically 

/ 

proximate to a process dhamber of a process tool. 

3 1 74. The system of /laim 3 143, wherein a process tool comprises a process chamber, 
25 wherein the stage is disposed within the process chamber, and wherein the stage is further 

configured to support the specimen during a process step. 
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3175. The system of claim 3 1 74, whereirf the processor is further configured to 
determine at least the two properties of the specimen during the process step. 


3 1 76. The system of claim 3 1 74, wherein the processor is further configured to obtain a 
signature characterizing the process st£p during use, and wherein the signature comprises 
at least one singularity representative^ an end of the process step. 

/ 

3 1 77. The system of claim 3 1 74, therein the processor is coupled to the process tool 
and is further configured to alter a parameter of one or more instruments coupled to the 
process tool in response to at least/one of the determined properties using an in situ 
control technique during use. 

3178. The system of claim 3143, wherein a process tool comprises a first process 
chamber and a second process Chamber, and wherein the stage is further configured to 
move the specimen from the fjfrst process chamber to the second process chamber during 
use. 

3 1 79. The system of claim/3 1 78, wherein the system is further configured to determine 
at least the two properties of the specimen as the stage is moving the specimen from the 
first process chamber to tlfe)second process chamber. 

3 1 80. The system of claim 3 143, wherein the processor is further configured to compare 
at least one of the determined properties of the specimen and properties of a plurality of 
specimens during use. 

3181. The system of claim 3 143, wherein the processor is further configured to compare 
at least one of the d/termined properties of the specimen to a predetermined range for the 
property during usf 
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3 1 82. The system of claim 3181, v ^herein the processor is further configured to generate 
an output signal if at least one of th ; determined properties of the specimen is outside of 
the predetermined range for the property during use. 


3183. The system of claim 3143 
sampling frequency of the 
determined properties of the 


wherein the processor is further configured to alter a 
measurement device in response to at least one of the 
specimen during use. 


3 1 84. The system of claim 3 143 
parameter of one or more 
at least one of the determined 


3 1 85. The system of claim 3 143 
parameter of one or more instrui 


wherein the processor is further configured to alter a 
instruments coupled to the measurement device in response to 
properties using a feedback control technique during use. 


wherein the processor is further configured to alter a 
lents coupled to the measurement device in response to 
at least one of the determ^d^pperties using a feedforward control technique during 
use. x , . 

/ 

3 1 86. The system of claim 3 143, wherein the processor is further configured to generate 
a database during use, wherein/the database comprises the determined first and second 
properties of the specimen, and wherein the processor is further configured to calibrate 
the measurement device using the database during use. 


3 1 87. The system of claim 3 143, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first and second 
properties of the specimen, and wherein the processor is further configured to monitor 
output signals generated bv measurement device using the database during use. 
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3 1 88. The system of claim 3 143, wherein the processor is further configured to generate 
a database during use, wherein the database comprises the determined first and second 
properties of the specimen, and whereifn the database further comprises first and second 
properties of a plurality of specimens./ 

3 1 89. The system of claim 3188, wtterein the first and second properties of the plurality 
of specimens are determined using a/plurality of measurement devices, wherein the 
processor is further coupled to the plurality of measurement devices, and wherein the 
processor is further configured to calibrate the plurality of measurement devices using the 
database during use. I 

3 1 90. The system of claim 3188, therein the first and second properties of the plurality 
of specimens are determined using a plurality of measurement devices, wherein the 
processor is further coupled to the plurality of measurement devices, and wherein the 
processor is further configured to/monitor output signals generated by the plurality of 
measurement devices using the database during use. 

3191. The system of claim 3^14fe, further comprising a stand alone system coupled to the 
system, wherein the stand alone! wstem is configured to be calibrated with a calibration 
standard during use. and wherein the stand alone system is further configured to calibrate 
the system during use. / 

3192. The system of claim 2143, further comprising a stand alone system coupled the 
system and at least one additional system, wherein the stand alone system is configured to 
be calibrated with a calibration standard during use, and wherein the stand alone system is 
further configured to calibrate the system and at least the one additional system during 
use. / 
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3 1 93 . The system of claim 3143, wherefin the system is further configured to determine 
at least the two properties of the specimen at more than one position on the specimen, 
wherein the specimen comprises a wafer, and wherein the processor is configured to alter 
at least one parameter of one or more instruments coupled to a process tool in response to 
at least one of the determined property s of the specimen at the more than one position on 
the specimen to reduce within wafer v iriation of at least one of the determined properties. 


3194. The system of claim 3143, wh 
tool. 


rein the processor is further coupled to a process 


3195. The system of claim 3143, wherein the processor is further coupled to a process 
tool, and wherein the processor is fur her configured to alter a parameter of one or more 
instruments coupled to the process tool in response to at least one of the determined 
properties using a feedback control technique during use. 

3 196. The system of claim 3 143, v|herein the processor is further coupled to a process 
tool, and wherein the processor isjfcrther configured to alter a parameter of one or more 
instruments coupled to the prodess/tdol in response to at least one of the determined 
properties using a feedforward cMtM technique during use. 


3 1 97. The system of claim 3 1 43, wherein the processor is further coupled to a process 
tool, and wherein the processor Is further configured to monitor a parameter of one or 
more instruments coupled to the process tool during use. 


3 1 98. The system of claim 3fl 97, wherein the processor is further configured to 
determine a relationship between at least one of the determined properties and at least one 
of the monitored parameters during use. 
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3199. The system of claim 3 1 98, wl 
parameter of at least one of the i 


erein the processor is further configured to alter a 
instruments in response to the relationship during use. 


wn 


3200. The system of claim 3 143, 
of measurement devices, and wherein 
is coupled to a process tool. 


, wh 


3201 . The system of claim 3 143, 
of process tools, and wherein the processor 
one or more instruments coupled to 
use. 


coupled to the measurement device 


more output signals during us 
to farther process the at least 


irein the processor is further coupled to a plurality 
at least one of the plurality of measurement devices 


rein the processor is further coupled to a plurality 
is further configured to alter a parameter of 
least one of the plurality of process tools during 


3202. The system of claim 3 143, w lerein the processor comprises a local processor 


i nd a remote controller computer coupled to the local 


processor, wherein the local processor is configured to at least partially process the one or 


wherein the remote controller computer is configured 
y processed one or more output signals during use. 


3203 . The system of claim 3202 Jwherein the local processor is further configured to 
determine the first property and the second property of the specimen during use. 

3204. The system of claim 3201 wherein the remote controller computer is further 
configured to determine the firstf property and the second property of the specimen during 
use. 


3205. A method for determining at least two properties of a specimen, comprising: 
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disposing the specimen uporJa stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 


detecting energy propagatir 
system; 


processing the one or mon 
second property of the 
characteristic of the 
thickness of the specimen 


specimen. 


g from the surface of the specimen using the detection 


generating one or more output signals responsive to the detected energy; and 


output signals to determine a first property and a 
spefcimen, wherein the first property comprises an adhesion 
, and wherein the second property comprises a 


3206. The method of claim 
said directing energy and sa 


5, further comprising laterally moving the stage during 
d^teVing energy. 


3207. The method of claim J^S^^rtheircomprising rotatably moving the stage during 
said directing energy and said detectingenergy. 

3208. The method of claim 3E05, further comprising laterally and rotatably moving the 
stage during said directing energy and said detecting energy. 


3209. The method of claim|3205, wherein the measurement device further comprises a 
photo-acoustic device. 

// 
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3210. The method of claim 3205 
spectroscopic ellipsometer. 

3211. The method of claim 3205 
5 ellipsometer. 

3212. The method of claim 3205 
X-ray reflectometer. 

10 3213. The method of claim 3205 
grazing X-ray reflectometer. 


15 


20 


wherein the measurement device further comprises a 


wherein the measurement device further comprises an 


wherein the measurement device further comprises an 


wherein the measurement device further comprises a 


3214. The method of claim 320p, wherein the measurement device further comprises an 
X-ray diffractometer. 

3215. The method of claim 3205, wherein the measurement device further comprises a 
photo-acoustic device and an elf ipsometer. 

32 1 6. The method of clain^3 >$^erein the measurement device further comprises at 
least a first measurement device aM-a'second measurement device, and wherein the first 
and second measurement devijbes are selected from the group consisting of a photo- 
acoustic device, a spectroscopic ellipsomter, an ellipsomter, an X-ray reflectometer, a 
grazing X-ray reflectometer, fan X-ray diffractometer, and an eddy current device. 


25 3217. The method of claim 3205, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein at least 
one element of the first measurement device comprises at least one element of the second 
measurement device. 


Page 801 


Conley, Rose & Tayon 


3218. The method of claim 3205, 
signals to determine a third 
selected from the group consisting 
on the specimen, and a roughness o 


farther comprising processing the one or more output 
property of the specimen, wherein the third property is 

of a roughness of the specimen, a roughness of a layer 
a feature of the specimen. 


3219. The method of claim 3218, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


3220. The method of claim 32051 wherein processing the one or more output signals to 
determine the first and second properties of the specimen comprises substantially 
simultaneously determining the first and second properties of the specimen. 

3221 . The method of claim 3205, further comprising directing energy toward multiple 
locations on the surface of the specimen substantially simultaneously and detecting 
energy propagating from the multiple locations substantially simultaneously such that one 
or more of the at least t\Y<Tproperties of the specimen can be determined at the multiple 
locations substantially s\mulraheously. 

3222. The method of clairp 3205, wherein the stage and the measurement device are 
coupled to a process tool. 


3223. The method of claim 3205, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are arranged 
laterally proximate to the process tool. 
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3224. The method of claim 3205/wherein the stage and the measurement device are 
coupled to a process tool, and wherein the stage and the measurement device are disposed 
within the process tool. 

3225. The method of claim 32j05, wherein the stage and the measurement device are 
coupled to a process tool, and wherein the process tool is selected from the group 
consisting of an etch tool, an ion implanter, a chemical vapor deposition tool, a physical 
vapor deposition tool, an atomjic layer deposition tool, a thermal tool, a cleaning tool, and 
a plating tool. 

3226. The method of claim 8205, wherein the stage and the measurement device are 
coupled to a process tool, wmerein the process tool comprises a wafer handler, and 
wherein disposing the specimen upon the stage comprises moving the specimen from the 
process tool to the stage using the wafer handler. 

3227. The method of claim 3205, wherein the stage and the measurement device are 
coupled to a process tool/ the method further comprising moving the specimen to the 
process tool subsequent io said directing and said detecting using the stage. 



3228. The method ofNql^im 3205, wherein the stage and the measurement device are 
coupled to a process tool, the method further comprising determining at least the two 
properties of the spedmen while the specimen is waiting between process steps. 

3229. The method/of claim 3205, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support device is substantially parallel to an upper surface of the stage. 
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3230. The method of claim 3205 , wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 


10 


3231 . The method of claim 3205, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 

3232. The method of claim 3205, wherein the stage and the measurement device are 
disposed within a measurement chajnber, and wherein the measurement chamber is 
disposed within a process tool. 


yy 


3233. The method of claim 32051 wherein the stage and the measurement device are 
1 5 disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a/process chamber of a process tool. 


20 


3234. The method of claim 3205, wherein the stage and the measurement device are 
disposed within a measurement/ chamber, and wherein the measurement chamber is 
arranged vertically proximate tjjpja ^process chamber of a process tool. 


25 


3235. The method of claim 3205, wherein disposing the specimen upon the stage 
comprises disposing the specimen upon a support device disposed within a process 
chamber of a process tool, apd wherein the support device is configured to support the 
specimen during a process sftep. 


3236. The method of claim 3235, further comprising performing said directing and said 
detecting during the process step. 
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3237. The method of claim 32361 further comprising obtaining a signature 
characterizing the process step, wnerein the signature comprises at least one singularity 
representative of an end of the process step. 

3238. The method of claim 3236 further comprising altering a parameter of one or more 
instruments coupled to the proces: tool in response to at least one of the determined 
properties using an in situ control technique. 


y s 


10 3239. The method of claim 3205, further comprising moving the specimen from a first 
process chamber to a second process chamber using the stage, wherein the first process 
chamber and the second process /chamber are disposed within a process tool. 

3240. The method of claim 32p9, further comprising performing said directing and said 
1 5 detecting during said moving ttye specimen from the first process chamber to the second 
process chamber. 


Pi 


3241 . The method of claim 3205, further comprising comparing at least one of the 
determined properties of/ihe femcimen and determined properties of a plurality of 


20 specimens. 


3242. The method of claipi 3205, further comprising comparing at least one of the 


determined properties of t/e specimen to a predetermined range for the property. 

/ 

/ 

25 3243. The method of clkim 3242, further comprising generating an output signal if at 
least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 
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3244. The method of claim 320p, further comprising altering a sampling frequency of 
the measurement device in response to at least one of the determined properties of the 
specimen. 

3245. The method of claim 32 05, further comprising altering a parameter of one or more 
instruments coupled to the me£ surement device in response to at least one of the 


determined properties using a 


feedback control technique. 


3246. The method of claim 3 205, further comprising altering a parameter of one or more 
10 instruments coupled to the measurement device in response to at least one of the 

determined properties using af feedforward control technique. 

i 
I 

3247. The method of claim i3 205, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 

1 5 method further comprising calibrating the measurement device using the database. 


3248. The method of clrftfnj!205, further comprising generating a database, wherein the 
database comprises the cMermined first and second properties of the specimen, the 
method further comprising monitoring output signals of the measurement device using 
20 the database. 


25 


3249. The method of claim 3205, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 
wherein the database further comprises first and second properties of a plurality of 
specimens. 
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3250. The method of claim 3249 wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising calibrating the plurality of measurement devices using the database. 

325 1 . The method of claim 3249, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising monitoring output Signals of the plurality of measurement devices using the 
database. / 

3252. The method of claim 3205, wherein a stand alone system is coupled to the 
measurement device, the metpod further comprising calibrating the stand alone system 
with a calibration standard and calibrating the measurement device with the stand alone 
system. / 

3253. The method of clahii 3205, wherein a stand alone system is coupled to the 
measurement device smd arieast one additional measurement device, the method further 
comprising calibratin&the stapd alone system with a calibration standard and calibrating 
the measurement devicep aMeast the one additional measurement device with the stand 
alone system. / 

3254. The method of ilaim 3205, further comprising determining at least the two 
properties of the specimen at more than one position on the specimen, wherein the 
specimen comprises a/wafer, the method further comprising altering at least one 
parameter of one or more instruments coupled to a process tool in response to at least one 
of the determined properties of the specimen at the more than one position on the 
specimen to reduce*within wafet variation of at least one of the determined properties. 
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3255. The method of claim 3203, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using la feedback control technique. 

3256. The method of claim 3205, further comprising altering a parameter of one or more 
instruments coupled to a proces > tool in response to at least one of the determined 
properties of the specimen usin \ a feedforward control technique. 

3257. The method of claim 3205, further comprising monitoring a parameter of one or 
more instruments coupled to tme process tool. 

[257, further comprising determining a relationship between 
properties and at least one of the monitored parameters. 

3259. The method of claim|3258, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 

3260. The method of^iaim 3205, further comprising altering a parameter of one or more 
instruments coupled (o a pl/irality of process tools in response to at least one of the 
determined propertie^offlne specimen. 

3261 . The method of claim 3205, wherein processing the one or more output signals 
comprises: / 

at least partialis processing the one or more output signals using a local processor, 
wherein the local processor is coupled to the measurement device; 


3258. The method of claim 
at least one of the determinec 
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sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 

further processing the partia|ly processed one or more output signals using the 
remote controller computer.! 


,f*. 

f fS- 

SI 

m 


Hi 


3262. The method of claim 3261 , therein at least partially processing the one or more 
output signals comprises determining the first and second properties of the specimen. 

10 3263. The method of claim 3261, wherein further processing the partially processed one 
or more output signals comprises cetermining the first and second properties of the 
specimen. 

3264. A computer-implemented method for controlling a system configured to 
15 determine at least two properties pf a specimen during use, wherein the system comprises 
a measurement device, comprising 

controlling the measurement device, wherein the measurement device comprises 
an illumination system Ipcra'aetection system, and wherein the measurement 
20 device is coupled to a sjage, comprising: 


controlling the jllumination system to direct energy toward a surface of the 
specimen; 


25 


controlling the detection system to detect energy propagating from the 
surface of the/specimen; and 
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generating one or^nore output signals responsive to the detected energy; 
and 

processing the one or more output signals to determine a first property and a 
second property of the specimen, wherein the first property comprises an adhesion 
characteristic of the specimen, and wherein the second property comprises a 
thickness of the specimen. 

3265. The method of claim 3264, further comprising controlling the stage, wherein the 
stage is configured to support the specimen. 

3266. The method of clam 3264, further comprising controlling the stage to laterally 
move the stage during saip directing energy and said detecting energy. 

3267. The method of c&im 3264, further comprising controlling the stage to rotatably 
move the stage during said directing energy and said detecting energy. 

3268. The method of/claim 3264, further comprising controlling the stage to laterally 
and rotatably move_thje stage during said directing energy and said detecting energy. 

3269. The metlibd|>f claipi / 3264, wherein the measurement device further comprises a 
photo-acoustic device. 

/ 

t 

3270. The metho^i of claim 3264, wherein the measurement device further comprises a 
spectroscopic elli£>someter. 

3271 . The mgthod of claim 3264, wherein the measurement device further comprises an 
ellipsometer. 


Page 810 


Conley, Rose & Tayon 


3272. The method of claim 326j4, wherein the measurement device further comprises an 
X-ray reflectometer. 

5 3273. The method of claim 32q4, wherein the measurement device further comprises a 
grazing X-ray reflectometer. 


y !' 

31. 


10 


15 


20 


3274. The method of claim 3^64, wherein the measurement device further comprises an 
X-ray diffractometer. 

3275. The method of claim 3*264, wherein the measurement device further comprises a 
photo-acoustic device and an/ellipsometer. 

3276. The method of claiiW 3264, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a photo- 
acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray reflectometer, a 
grazing X-ray reflectometer, an X-ray diffractometer, and an eddy current device. 


3277. The method o, 
least a first measurej 
one element of the firi 
measurement device 



im 3264, wherein the measurement device further comprises at 
evice and a second measurement device, and wherein at least 
urement device comprises at least one element of the second 


25 3278. The method of claim 3264, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen. 
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3279. The method of claim 3278, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer deposition tool, a cleaning tool, and an etch tool. 


3 264 


3280. The method of claim 
determine the first and seconc 
simultaneously determining the 


, wherein processing the one or more output signals to 
properties of the specimen comprises substantially 
first and second properties of the specimen. 


3281. The method of claim 1 264, further comprising controlling the illumination system 
to direct energy toward multiple locations on the surface of the specimen substantially 
simultaneously and controlling the detection system to detect energy propagating from the 
multiple locations substantially simultaneously such that one or more of the at least two 
properties of the specimen qan be determined at the multiple locations substantially 
simultaneously. 


3282. The method of claim 3264, wherein the stage and the measurement device are 
coupled to a process tool. / 

d 

3283. The method/of cjpim 3264, wherein the stage and the measurement device are 
coupled to a process\oqk and wherein the stage and the measurement device are arranged 
laterally proximate to tne process tool. 


3284. The method of claim 3264, wherein the stage and the measurement device are 
coupled to a process/tool, and wherein the stage and the measurement device are disposed 
within the process tool. 
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3285. The method of claim 3264, wherein the stage and the measurement device are 
coupled to a process tool, anti wherein the process tool is selected from the group 
consisting of an etch tool, and ion implanter, a chemical vapor deposition tool, a physical 
vapor deposition tool, an ^tomic layer deposition tool, a thermal tool, a cleaning tool, and 
a plating tool. 

3286. The method of clkim 3264, wherein the stage and the measurement device are 

coupled to a process tool, the method further comprising controlling a wafer handler to 

move the specimen from the process tool to the stage, and wherein the wafer handler is 

coupled to the process /ool. 

/ 

I 

3287. The method o^ claim 3264, wherein the stage and the measurement device are 
coupled to a process tfaol, the method further comprising controlling the stage to move the 

specimen from the system to the process tool. 

i 
f 
f 

3288. The method^of claim 3264, wherein the stage and the measurement device are 
coupled to a proces^ tool, the method further comprising controlling a wafer handler to 
move the specimeil from the process tool to the stage such that at least the two properties 
of the specim9t^c^be determined while the specimen is waiting between process steps. 

i 

i 

3289. The me\^d^f/&|aim 3264, wherein the stage and the measurement device are 

/ , 

coupled to a process tool, wherein the process tool comprises a support device configured 
to support the specimen during a process step, and wherein an upper surface of the 
support devicep substantially parallel to an upper surface of the stage. 

/ 

i 

3290. The method of claim 3264, wherein the stage and the measurement device are 
coupled to a process tool, wherein the process tool comprises a support device configured 
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to support the specimen during al process step, and wherein an upper surface of the stage 
is angled with respect to an upper surface of the support device. 

[64, wherein the stage and the measurement device are 
chamber, and wherein the measurement chamber is 

[5264, wherein the stage and the measurement device are 
:nt chamber, and wherein the measurement chamber is 
1 

3293. The method of clain& 3264, wherein the stage and the measurement device are 
disposed within a measurement chamber, and wherein the measurement chamber is 
arranged laterally proximate to a process chamber of a process tool. 

3294. The method of claim 3264, wherein the stage and the measurement device are 

disposed within a measurement chamber, and wherein the measurement chamber is 

arranged vertically pro\il4te to a/process chamber of a process tool. 

/ y. / 

3295. The method of daim 3264, further comprising disposing the specimen upon a 
support device disposefl within a process chamber of a process tool, and wherein the 
support device is configured to support the specimen during a process step. 

3296. The method of claim 3295, further comprising controlling the illumination system 
and controlling the detection system during the process step. 


3291. The method of claim 32 
disposed within a measuremer 
coupled to a process tool. 


3292. The method of claim 
disposed within a measuremi 
disposed within a process to 
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3297. The method of claim 32Sf6, further comprising controlling the system to obtain a 
signature characterizing the process step, wherein the signature comprises at least one 
singularity representative of anjend of the process step. 

3298. The method of claim 3264, further comprising controlling the system to alter a 
parameter of one or more instruments coupled to the process tool in response to at least 
one of the determined properties using an in situ control technique. 

3299. The method of claim' 3264, further comprising controlling the stage to move the 
specimen from a first process chamber to a second process chamber, wherein the first 
process chamber and the second process chamber are disposed within a process tool. 

3300. The method of clarni 3299, further comprising controlling the illumination system 
and controlling the detection system during said moving the specimen from the first 
process chamber to the second process chamber. 


ru 


20 


3301. The method 
determined propert^ 
specimens. 


dm 3264, further comprising comparing at least one of the 
che^jpecimen and determined properties of a plurality of 


3302. The method ©f claim 3264, further comprising comparing at least one of the 
determined properties of the specimen to a predetermined range for the property. 


3303. The method of claim 3302, further comprising generating an output signal if at 
25 least one of the determined properties of the specimen is outside of the predetermined 
range for the property. 


7 
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3304. The method of claim 3264, further comprising altering a sampling frequency of 
the measurement device in response to ft least one of the determined properties of the 
specimen. 

5 3305. The method of claim 3264, further comprising altering a parameter of one or more 
instruments coupled to the measurement device in response to at least one of the 
determined properties using a feedback control technique. 

3306. The method of claim 3264, further comprising altering a parameter of one or more 
1 0 instruments coupled to the measurement device in response to at least one of the 

determined properties using a feedforward control technique. 

3307. The method of claim 3264, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, the 

1 5 method further comprising calibrating the measurement device using the database. 


3308. The method of cfoim 3264 ' further comprising generating a database, wherein the 
database comprises thi^et^Mip^d first and second properties of the specimen, the 


M method further comprising n/onitoring output signals of the measurement device using 

20 the database. 

3309. The method of clafm 3264, further comprising generating a database, wherein the 
database comprises the determined first and second properties of the specimen, and 
wherein the database father comprises first and second properties of a plurality of 
25 specimens. 
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3310. The method of claim 3309, wherein the first and second properties of the plurality 
of specimens are generated using a plurality of measurement devices, the method further 
comprising calibrating the plurality of measurement devices using the database. 


3311. The method of claim 
of specimens are generated u$in: 
comprising monitoring outpu t 
database. 


10 3312. The method of claim 


309, wherein the first and second properties of the plurality 
g a plurality of measurement devices, the method further 
signals of the plurality of measurement devices using the 


3264, wherein a stand alone system is coupled to the system, 
the method further comprising controlling the stand alone system to calibrate the stand 
alone system with a calibrat jon standard and further controlling the stand alone system to 
calibrate the system. 

15 3313. The method of claim 3264, wherein a stand alone system is coupled to the system 
and at least one additional system, the method further comprising controlling the stand 
alone system to calibrate tie stand alone system with a calibration standard and further 
controlling the stand atoi^j system to calibrate the system and at least the one additional 
system. ^ 

20 

3314. The method of claim 3264, wherein the system is further configured to determine 

at least the two properties of the specimen at more than one position on the specimen, and 

wherein the specimen comprises a wafer, the method further comprising altering at least 

one parameter of one 6r more instruments coupled to a process tool in response to at least 
/ 

25 one of the determined? properties of the specimen at the more than one position on the 
specimen to reduce within wafer variation of at least one of the determined properties. 
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3315. The method of claim 3264j further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedback control technique. 

33 16. The method of claim 32G4, further comprising altering a parameter of one or more 
instruments coupled to a process tool in response to at least one of the determined 
properties of the specimen using a feedforward control technique. 


33 1 7. The method of claim 3^64, further comprising monitoring a parameter of one or 
more instruments coupled to tjhe process tool. 


3318. The method of claim/33 1 7, further comprising determining a relationship between 
at least one of the determine'd properties and at least one of the monitored parameters. 

33 19. The method of claim 3317, further comprising altering a parameter of at least one 
of the instruments in response to the relationship. 

3320. The method of claim 3264, further comprising altering a parameter of one or more 
instruments coupled tcrsrolurality of process tools in response to at least one of the 
determined properties qi the specimen. 

V 

3321 . The method of claim 3264, wherein processing the one or more output signals 
comprises: 

at least partially processing the one or more output signals using a local processor, 
wherein the/local processor is coupled to the measurement device; 
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sending the partially processed one or more output signals from the local 
processor to a remote controller computer; and 


k l E 

IB' 


y. 

Mi' 


15 


further processing the partially processed one or more output signals using the 
remote controller computei 


3322. The method of claim 3321 
output signals comprises determining 


wherein at least partially processing the one or more 
the first and second properties of the specimen. 


10 3323. The method of claim 3321, wherein further processing the partially processed one 
or more output signals comprisesj determining the first and second properties of the 
specimen. 


20 


3324. A semiconductor device fabricated by a method, the method comprising: 

forming a portion of thd semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 


directing energwovMd a surface of the specimen using the illumination system; 


25 


detecting energy p/opagating from the surface of the specimen using the detection 
system; 


generating one/or more output signals responsive to the detected energy; and 
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processing the one or mora output signals to determine a first property and a 
second property of the portion of the semiconductor device, wherein the first 
property comprises an adhesion characteristic on the portion of the specimen, and 
wherein the second property comprises a thickness of the portion of the specimen. 


3325. The device of claim 33^4, wherein the measurement device further comprises a 
photo-acoustic device. 

3326. The device of claim 3£24, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 

3327. The device of claim ^324, wherein the measurement device further comprises an 
ellipsometer. 

3328. The device of claiqfi 3324, wherein the measurement device further comprises an 
X-ray reflectometer. 


3329. The device of claim 3324, wherein the measurement device further comprises a 
grazing X-ray reflecton/eter. 


3330. The devic^of claim 3324, wherein the measurement device further comprises an 
X-ray diffractcxneiter/ 

3331. The device/of claim 3324, wherein the measurement device further comprises a 
photo-acoustic device and an ellipsometer. 


3332. The device of claim 3324, wherein the measurement device further comprises at 
/ 

least a first measurement device and a second measurement device, and wherein the first 
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and second measurement devices are selected from the group consisting of a photo- 
acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray reflectometer, a 
grazing X-ray reflectometer, ap X-ray diffractometer, and an eddy current device. 

3333. The device of claim 3B24, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein at least 
one element of the first measurement device comprises at least one element of the second 
measurement device. 

3334. The method of clairli 3324, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and a roughness of a feature of the specimen, 

3335. The method of claim 3334, wherein the stage and the measurement device are 
coupled to a process tool selected from the group consisting of a lithography tool, an 
atomic layer depositio^tool, a cleaning tool, and an etch tool. 

3336. The device of claim 3324, wherein the stage and the measurement device are 
coupled to a process tool. 


3337. The dev^e~5f claim 3324, wherein the stage and the measurement device are 

coupled to a process tool, and wherein the process tool is selected from the group 

consisting of an etelitool, an ion implanter, a chemical vapor deposition tool, a physical 

vapor deposition tkol, an atomic layer deposition tool, a thermal tool, a cleaning tool, and 

a plating tool. / 
i 

i 

i 

3338. A method for fabricating a semiconductor device, comprising: 


I 

J 
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forming a portion of the semiconductor device upon a specimen; 


disposing the specimen upon a stage, wherein the stage is coupled to a 
measurement device, and wherein the measurement device comprises an 
illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using the detection 


generating one or more output signals responsive to the detected energy during 


processing the one or more output signals to determine a first property and a 
second property of the portion of the semiconductor device, wherein the first 
property comprises an adhesion characteristic of the portion of the specimen, and 
wherein the second property comprises a thickness of the portion of the specimen. 


3339. The method oTclaym 3338, wherein the measurement device further comprises a 
photo-acoustic device. / 

3340. The method of £laim 3338, wherein the measurement device further comprises a 
spectroscopic ellipsometer. 

3341. The method/of claim 3338, wherein the measurement device further comprises an 
ellipsometer. / 


system; 


use; and 
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3342. The method of claim 333fc, wherein the measurement device further comprises an 
X-ray reflectometer. 

5 3343. The method of claim 333!}, wherein the measurement device further comprises a 
grazing X-ray reflectometer. 

3344. The method of claim 333^8, wherein the measurement device further comprises an 
X-ray diffractometer. 


3345. The method of claim 333 
photo-acoustic device and an el 


8, wherein the measurement device further comprises a 
ipsometer. 


3346. The method of claim 33J38, wherein the measurement device further comprises at 
least a first measurement device and a second measurement device, and wherein the first 
and second measurement devices are selected from the group consisting of a photo- 
acoustic device, a spectroscopic ellipsometer, an ellipsometer, an X-ray reflectometer, a 
grazing X-ray reflectometer, an X-ray diffractometer, and an eddy current device. 

3347. The method of claim /3 33 8, wherein the measurement device further comprises at 
least a first measuremen^^ice and a second measurement device, and wherein at least 
one element of the first measurement device comprises at least one element of the second 
measurement device. 


25 3348. The method of clafim 3338, further comprising processing the one or more output 
signals to determine a third property of the specimen, wherein the third property is 
selected from the group /consisting of a roughness of the specimen, a roughness of a layer 
on the specimen, and airoughness of a feature of the specimen. 
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